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ABSTRACT
Distribution of chitinoclastic bacteria in the 
Barataria Bay salt marsh environment appeared to be related 
to factors of 1) organic matter, 2) chitin deposition, and
3) to a lesser extent, temperature. Highest concentrations
gof chitinoclasts (10 cells/gm sediment) were observed in
areas of high organic content, i.e., the emerged marshland
soil. The water column contained the least number of
2 3chitinoclasts (10 -10 cells/ml). Peak bacterial biomass 
occurred simultaneously with optimum numbers of chitin- 
producing animals in the water column. Species of the 
genus Beneckea comprised the predominant bacterial biota, 
although within the marshland soil a much greater diversity 
of species types was found. Large concentrations of chi­
tinoclasts were associated with the intact exoskeleton and 
the digestive tract of penaeid shrimp. The function of the 
bacteria in the shrimp digestive tract is possibly that of 
enzyme production (chitinase) and elaboration of growth 
factors. Bacteria ingested by the animal also provide a 
direct food source.
In situ rates of chitin degradation were extremely 
high, i.e., 87 mg/day/gm chitin, while pure culture and in 
vitro rates were similar to those reported in the litera­
ture.
Enzymatic studies revealed high chitinase activity 
by the chitinoclasts associated with shrimp as well as 
a moderately active indigenous chitinase produced by the 
hepatopancreas of the shrimp. Optimum activity of both 
enzymes was at 40 C and pH 7. The Na+ ion inhibited the 
bacterial enzyme while the Co++ ion had the greatest in­
hibitory effect on the penaeid enzyme. The bacterial 
enzyme was shown to be induced while the shrimp enzyme 
was constitutive in nature. Both bacteria and hepatopan­
creas produced 1) a chitinase, 2) a chitobiase, 3) no 
chitosanase, and 4) a deacetylase. The end products of 
chitin degradation are oligosaccharides of N-acetylgluco­
samine, N-acetylglucosamine, and glucosamine.
x
INTRODUCTION
With the exception of cellulose, chitin is the most 
abundant polysaccharide in nature with the largest quantity 
of chitin produced in the aquatic environment. Johnstone 
(1908) estimated that several billion tons of chitinaceous 
material are produced annually by one sub-class of plankton- 
ic Crustacea, the copepod. Within the fertile estuarine 
environment, chitin production is even greater than in the 
open sea.
However, despite this high production, significant 
accumulation of chitinaceous substrate is negligible because 
of natural degradation. Such decomposition occurs by two 
principal methods, i.e., mechanical action and biological 
agents. Although physical abrasion accounts for a reduction 
in the size of the chitin particle, overall decomposition is 
largely a microbial process. The sequence for the biological 
breakdown of this recalcitrant substrate can be projected as 
follows:
chitinase
1) chitin - - - - - -  -*-chitodextrins
chitinase chitobiose (N,2) chitodextrins cnitinase -»N-diacetylglu-
cosamine)
3) chitobiose - - - £ki_tobiase_ - - ■+ N-acetylglucosamine
4) N-acetylglucosamine _dea<=etylase_ -*giucosamine
5) glucosamine - - - -deamina®e- - - -»-glucose (Very




There is a need to evaluate further and quantify chitin 
mineralization in the marine environment. With increased 
production by the shrimp and crab industries, additional 
sources of chitin are being introduced into the estuary 
in the form of waste material. To define the changes 
which result in the biochemical balance within a system, 
it is necessary to quantify the rate of decomposition of 
this substrate and to elucidate the rate-controlling fac­
tors. In turn, this information has practical applica­
tions in the possible development of new products from a 
heretofore waste material. A few of the potential uses of 
chitin and its by-products are as follows (O.I.W., 1972):
1) as a papermaking additive to improve wet-strength 
properties.
2) as a coagulant in the treatment of waste waters 
and a clarifier of commercial liquids.
3) as emulsifiers, binders, stabilizers, and 
adhesives.
4) as a new synthetic fiber.
5) in the production of the chitinase enzyme for 
treatment of wounds and for controlled, long­
term release of herbicides and insecticides.
In addition to these proposed applications, efforts 
are being made to utilize chitin as a substrate for microbial 
transformations, converting such "waste " products into 
usable protein. In the production of single cell protein, 
chitin may provide a cheap available carbon source.
In view of these considerations, the investigations 
were conducted with the following objectives in mind:
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1) To determine the numbers and types of chitinoclastic 
bacteria within a salt marsh environment.
2) To establish the rate of chitin degradation in 
the environment and factors which influence the 
rate.
3) To examine the breakdown of this polymer from 
an enzymatic approach by characterizing the 
chitinase of selected marine bacteria and that of a 
commercially important shrimp, Penaeus setiferus.
4) To develop a composite picture of chitin degrada­
tion, by integrating bacterial, animal, and 
environmental aspects.
REVIEW OF LITERATURE
Distribution of Chitinoclastic Bacteria 
Pelagic region. Chitinoclastic microorganisms have 
been isolated from numerous environments including ferti­
lized garden soils, lake waters, plankton, exoskeletons 
of insects and crustaceans, intestines of both vertebrates 
and invertebrates, muds, and sands (as reviewed by Veld- 
kamp, 1955). The marine environment,which is rich in 
ehitinous material, is an excellent source of chitinoclas­
tic bacteria.
The initial, most notable study conducted in the 
pelagic zone or deep marine waters, was that of ZoBell 
and Rittenberg (1938). A very uneven distribution of 
chitinoclasts was found in the sediments off the 
California coast. This lack of uniformity was attributed 
to random distribution of substrate particles and sub­
strate affinity or colonization of the bacteria. The 
most abundant biomass (10 cells/gm) was in the 
topmost sediment layers; concentrations of the bacteria 
decreased with core depth. No relationship was noted 
between bacterial biomass and depth of the overlying waters 
or distance from the mainland. Coarse sedimentary material, 
such as sands, supported the largest number of chitin­
oclastic microorganisms, due to a "concentration of the
5
particles by the sorting action of sedimentation forces."
Within these waters and muds only 0.1 to 1.0% of the total
bacterial biomass were chitinoclastic.
Veldkamp (1955) also noted that soil types (terrestial)
influenced the quantity of chitin decomposers. Highest
concentrations of chitinoclasts were detected in acid sandy
soils. In these soils, actinomycetes formed the largest
part of the total chitinoclastic populations. Hock (1940)
reported similar results in the Woods Hole area. Mud core
samples from a depth of 878 meters showed a concentration 
2of 1.3 x 10 cells/gm at the water-sediment interface. At 
a depth of 5 cm below the surface of the sediment, the num­
ber of chitinoclastic bacteria decreased to 5 cells/gm.
However, one mile offshore in five fathom waters, 1.5 x 
210 cells/ml were found, further indication of the somewhat
inconsistent pattern of distribution of chitin utilizers
in pelagic waters. Similarly, Lear (1963) demonstrated the
scarcity of chitin decomposers in waters deeper than 1000
meters off the coast of California but noted a correlation
between the abundance of the bacteria and depth. All samples
2showed less than 5.0x10 cells/ml; as depth of the water 
column decreased, the quantity of cells decreased proportion­
ally. Bianchi (1971) also found a scarcity of chitinoclasts 
in the deep sediments of the Mediterranean Sea. Of the 90 
samples examined, only 10 revealed chitin decomposers: one
of the samples, however, contained 2.4xl04 cells/gm.
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One of the most comprehensive studies dealing with 
chitin utilizers is contained in a series of papers by 
Seki and associates. Seki and Taga (1965c) conducted micro­
biological investigations in Sagami Bay, whose surface 
waters (100 meters deep) originate from the neritic or 
coastal zone and the Kuroshio current. The intermediate 
waters (below 100 meters and above 1000 meters) are derived 
from the Oyashio undercurrent, while the deep bottom waters 
(below 1000 meters) represent waters from the Pacific Ocean. 
Each water mass had a characteristic quantitative and quali­
tative distributional pattern of chitinoclastic bacteria.
The surface waters contained an average of 1.0-2.0x10 cells/ 
ml with the concentration of the bacteria decreasing to a 
depth of 200 meters. From the intermediate waters, a maxi­
mal bacterial biomass was noted at 600 meters, but chitin 
decomposers could not be detected in the bottom layers. The 
percentage of chitinoclasts within the total micro-biota 
decreased with depth, i.e., the upper layers contained the 
highest percentage of chitinoclasts while the lower masses 
contained less. The abundance of the chitin decomposers 
also varied with temperature. A ten-fold increase was 
noted from February to May when water temperatures were an 
average of several degress higher than during the winter 
months. In contrast, a two-fold increase was observed in 
the intermediate waters where temperatures showed consider­
ably less variation.
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Along with a distinct biomass of chitinoclasts within 
each water mass, characteristic species were identified. 
These included Beneckea lipophaga, B . hyperoptica, B. 
idolthetica and B. chitinovora. B. lipophaga appeared 
to dominate in the surface waters during the summer, while 
B. hyperoptica was prevalent during the other months.
B. hyperoptica and B. indolthetica appeared in the upper 
intermediate waters, while B. hyperoptica constituted the 
sole Beneckea species of the deeper intermediate waters. 
Seki and Taga (1965c) also identified the plankton of the 
waters and noted distinct species within each layer. The 
data suggested that certain bacterial types were associated 
with specific plankton.
Neritic region. Within the shallow waters of the 
coastal zone the abundance of chitinoclastic bacteria is 
noticably greater than in the open ocean. Chan (1970) dis­
closed high concentrations of chitin utilizers, comprising 
slightly less than 10% of the total biota, in sea water 
and sediment from the Puget Sound estuary. Sediments from
deep subtidal, intertidal, and freshwater sites contained
4 4 32.0x10 cells/gm, 6.8x10 cells/gm, and 3.7x10 cells/gm,
respectively. Similar to data from the pelagic region, 
the greatest concentrations of chitin decomposers were 
at the surface of the sediments with chitinoclastic bac­
teria decreasing with sediment depth. Surface waters
2averaged 2.5x10 cells/ml while bottom waters exhibited
2fewer cells, 2.0x10 /ml. Seasonal variations were not
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apparent at deep sampling stations but in shallow areas, 
microbial biomass correlated with temperature.
In the neritic waters of Aburatsubo Inlet, Seki and 
Taga (1963a) found that only 0.4% of the total heterotro­
phic bacteria were chitinoclastic. No attempt was made 
to explain this unusually low concentration of chitino­
clastic microorganisms. It was observed, however, that a 
considerable number of the bacteria were attached to living 
copepods, and a correlation was postulated between the 
percentage of chitin decomposers and planktonic crustaceans 
within the water column. Although the populations of 
bacteria on plankton and suspended matter showed little 
variation, a slight increase was noted during the summer 
and autumn months, probably related to a rise in tempera­
ture. An inverse relationship was also observed between the 
chemical oxygen demand (COD) and the percentage of chitino­
clasts present. Five species of Beneckea comprised the 
biota. Beneckea lipophaga predominated in summer and B. 
hyperoptica appeared in winter and early spring. B. 
indolthetica and B. chitinovora were always found in asso­
ciation with plankton or suspended matter throughout the 
year, but dominated in late spring and autumn. B. labra 
was the least abundant of all the species.
In order to elucidate the ecological factors affect­
ing the distribution of chitinoclastic bacteria, Seki and 
Taga (1965b), conducted a series of investigations defining 
those conditions for bacterial survival. The optimum
9
temperature for all strains, excluding B. chitinovora, 
was 30 C with cessation of growth at 40 C. However, the 
isolates demonstrated strong heat resistance compared to 
other marine bacteria. A temperature of 50 C for 30 
minutes was needed to achieve bactericidal effects. All 
species exhibited a wide range of pH tolerance, with an 
optimum between 7.0 and 9.0. Growth was retarded below 
pH 7.0, while a pH of 4.0 stopped growth completely 
(Seki and Taga, 1963b). The bacteria proved to be strongly 
resistant to ultraviolet light, i.e., almost four times 
the amount of energy was required compared with that neces­
sary to kill the same quantity of cells of Escherichia coli. 
All of the aforementioned Beneckea species grew well in a 
media containing 0.5 to 5.0% NaCl; however salinities of 
12% stopped cell division, and 25% NaCl caused death of 
all cells after 24 hours. A pressure of 200 atmospheres 
inhibited growth but pressures of even 600 atmospheres did 
not destroy the cells (Seki and Taga, 1965b).
Association of chitinoclastic bacteria with crustaceans. 
It is becoming increasingly evident that chitinoclastic 
bacteria are closely associated with certain marine inverte­
brates. Various reports suggest a commensal or symbiotic 
relationship between these microorganisms and plankters.
Seki and Taga (1963a) found considerable quantities of 
chitinoclasts attached to living copepods within the water 
column. Lear (1961) reaffirmed this phenomenon, suggesting 
that the external region of plankters served as the locus
10
for microbial attachement. Jones (1958), using a radio- 
larian species, demonstrated the annexation propensities 
of marine bacteria in general. The surface of the radio- 
larian, Castanidin longispinum, contained a one thousand­
fold increase in chitin decomposers compared to the biomass 
of chitinoclasts in the sea water. Buck and Barbaree (1971) 
detected higher concentrations of chitin utilizers within 
large copepod species, than in the surrounding waters from 
which the copepods were collected. These Beneckea species 
were demonstrated to be indigenous to the copepod and were 
able to reproduce within the crustacean under certain con­
ditions.
Several noteworthy disease-producing bacteria are found 
within the chitinoclastic group. These more widely studied 
organisms have been detected in conjunction with zooplankton 
and crustaceans. Hess (1937) reported a disease of the 
exoskeleton of living lobsters attributed to chitin decom­
posers. Chitinoclastic bacteria have been suggested as 
the causative agent of "brown spot" in shrimp (Sindermann, 
1971). A significant interaction has been documented be­
tween Vibrio parahaemolyticus, the causative agent of 
more than 70% of the food poisoning in Japan, and fish and 
shellfish. This pathogen was identified in blue crabs in 
Chesapeake Bay (Krantz et al., 1969), commercial species 
of shrimp in the Gulf of Mexico (Vanderzant and Nickelson, 
1970), and oysters (Bartley and Slanetz, 1971). Of the
11
several confirmed incidents of food poisoning in the 
United States, V. parahaemolyticus was traced to steamed 
crabs in Maryland (USPHS, 1971) and boiled shrimp in 
Louisiana (USPHS, 1972). Kaneko and Colwell (personal com- 
munnication) found that concentrations of V. parahaemoly­
ticus and related species were correlated with population 
dynamics of zooplankton in Chesapeake Bay. The internal 
bacterial biomass in the zooplankton remained constant 
throughout the seasons whereas the external bacterial popu­
lations varied with temperature, rising sharply during the 
summer months.
It appears that both the external and internal regions 
of marine animals offer an excellent microenvironment for 
the proliferation and survival of chitinoclasts. The con­
cept of a truly indigenous biota within the digestive 
tract of fish and other aquatic animals is rather contro­
versial. Liston (1957) noted a distinct relationship 
between bacterial species and the species of fish. In 
contrast, Potter and Baker (1961) failed to find evidence 
of a consistant biota in fish or any relationship between 
species of fish and bacterial types. The ease with which 
the bacteria were removed indicated that the fish were 
only passive carriers of the microorganisms. Margolis 
(1953) regarded the bacteria of fish to be a function of 
the ingested food, finding that intestinal tracts of non­
feeding fish were virtually sterile. The focal point of
12
this problem seems to be centered around the term "indi­
genous" . An indigenous biota does not necessarily imply 
that only one or two species of bacteria will be found con­
sistently in a specified environment. It doesf however, 
suggest a restriction in bacterial types for, obviously, 
certain bacteria are more suited to a specific microenviron­
ment than to others.
The microbiota of the digestive tract of marine fish 
as well as plankton were shown to have a distinct generic 
composition, i.e, Vibrio and Aeromonas (Aiso, et al., 1968); 
and had complex nutritional requirements, many hydrolyzing 
chitin. A microbiota consisting of a large percentage of 
chitinoclastic bacteria, sometimes exclusively chitino­
clasts, has been reported for both marine invertebrates
7and vertebrates. For example, Chan (1970) noted 1.0x10 
chitinoclastic cells/gm in the intestines of numerous 
species of fish from the Puget Sound estuary. Similarly, 
in the digestive tracts of the Japanese sea bass, Okutani
4(1966) recorded 1.7x10 /gm chitin degraders within the
7stomach contents, 5.4 to 1.6x10 cells/gm within the
7intestines, and 2.3x10 cells/gm within the pyloric caeca.
In the stomach and intestines of yellow tail, chitinolytic
4 5bacteria were at concentrations of 2.0x10 and 1.4x10 
cells/gm, respectively (Okutani et al., 1967a). The in-
5testines of octopus, squid and swell fish contained 1.5x10
5 3cells/gm, 4.3x10 cells/gm, and 4.4x10 cells/gm, res-
spectively (Seki and Taga, 1963e).
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Since the microenvironment of the digestive tract 
of marine animals is characterized by a restriction in 
bacterial species and a high microbial biomass, the ques­
tion arises as to the function of these bacteria. Are 
these organisms coexisting in an active "partnership" or 
does the relationship involve a passive incorporation, 
wherein the endosymbionts are merely ingested? Unfortunate­
ly, little conclusive information is available on the role 
of such microorganisms, although several functions have 
been suggested: 1) the bacteria provide a direct food
source, and 2) the organisms provide growth factor, i.e., 
vitamins, secreted by-products from cellular respiration, 
and products resulting from breakdown of substrates by 
bacterial enzymes (Alexander, 19 71).
It has been well established that bacteria serve as 
food for protozoa (Luck, et al., 1931). ZoBell and Feltham 
(1938) demonstrated an analogous situation in higher inver­
tebrates as well. Mussels, Mytilus californianus, when 
submerged into a suspension of bacteria, removed large 
quantities of cells, rejecting some as pseudo-feces but 
ingesting most of the cells. Likewise, the ingestion of 
bacterial cells was observed using oysters. Bacteria in 
different stages of lysis were noted in the stomach content 
of the mussels and oysters. Using 31 strains of bacteria 
as the exclusive component of the diet, the mussels sur­
vived and gained weight. The waters in which the mussels 
lived, however, had to be changed often due to the
14
accumulation of toxic bacterial metabolites. Similar 
results were obtained when bacteria were fed to the sand 
crab, Emerita analoga, although the sand crabs showed a 
more sensitive reaction to high quantities of bacteria 
than did the mussels. Sipunculid Gephyrean worms, Dendro- 
stroma zootericola, failed to grow on a bacterial diet but 
maintained their initial weight. Concomitant with these 
studies, extracts of the digestive enzymes from the afore­
mentioned animals were able to lyze a number of species of 
bacterial cells. In summation, ZoBell and Feltham (19 38) 
concluded that the abundance of bacteria in marine sedi­
ments provided an important secondary food source or even 
an exclusive food source for bottom feeders.
Other workers reported similar data: MacGinite (1932)
supplying a Pseudomonas species to the bottom feeder, 
Urechis caupo, observed excellent growth: Burke (1933)
found development of larval stages of the frog, Rana 
pretiosa, on a bacterial diet comparable to that on a 
controlled diet. Recently, Condrey, et al. (1972) demon­
strated that diets of diatoms plus bacteria gave greater 
feeding efficiencies in penaeid shrimp than diets without 
bacteria, supporting the theory that bacteria act as an 
important supplementary food.
Unfortunately, it is much more difficult to establish 
any specific relationship between a bacterial "probiotic”, 
or growth factor, and a higher animal. Such relationships
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as those of rumen bacteria (Hungate, 1960) and insect 
microorganisms (Steinhaus, 1960) have been well studied, 
but very little information is availalbe concerning the 
interactions of microorganisms and marine animals. Certain 
amino acids (Veldkamp, et al., 1963), vitamins and coen­
zymes (Wilson and Pardee, 1962), polysaccharides such as 
dextrans and levans (Wilkinson, 1958) and other probiotics 
(Lilly and Stillwell, 1965) "are produced by heterotrophic 
microorganisms in excess of their needs and released as 
extracellular products to the environment." Many investi­
gations, however, failed to isolate the probiotic produced 
by the microorganism and to show the effect of the growth 
factor on the animal with which the bacteria is associated.
In an effort to define the role of the chitinoclastic 
bacteria within the digestive tracts of marine inverte­
brates, Seki and Taga (1963e) calculated the maximum theore­
tical value of bacterial chitinase activity in the octopus, 
Polypus vulgaris, the squid, Loligo edulis, and the 
marine fish, Canthigaster rivulatus. Having determined 
the number of chitin decomposers present in the digestive 
tract, the amount of chitin the microbial population could 
degrade under ideal conditions, the amount of chitin in the 
diet of the invertebrates, and the resident time of the 
substrate in the tract, the value obtained was a mere 
3x10”^ mg of chitin decomposed/cubic centimeter of digestive 
tract. This negligible quantity, 0.003 to 0.0008%,
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suggested that the bacteria do not produce enough enzyme 
to significantly degrade chitin.
Taxonomy of Chitinoclastic Bacteria 
Benecke (1905) was one of the first to describe a bac­
terium, Bacillus chitinovorous, which utilized chitin.
There are numerous investigations concerning non-marine 
chitinoclastic microorganisms representing a variety of 
genera such as Flavobacterium, Chromobacterium (Veldkamp, 
1955), Bacillus (Baxby and Gray, 1968) as well as actino- 
mycetes of the genera Micromonospora, Streptomyces,
Nocardia (Veldkamp, 1955) and fungal species (Skinner and 
Dravis, 1937; Gray and Bell, 1963; Leopold and Seichevtova, 
1967; Otakara, 1964). The following discussion, however, 
will concern marine bacteria (MacLeod, 1965).
ZoBell and Rittenberg (1938) isolated thirty-one chitin 
utilizers from marine sources but did not attempt to classi­
fy them, although two species were tentatively assigned 
to Vibrio species. Hock (1941) described the species, 
Bacterium chitinophilum and Bacterium chitinochroma, but 
failed to mention flagella type, an important criterion 
for later reclassification. Gram-negative chitin decompos­
ers, fermenting glucose with the production of acid but 
no gas, were isolated by Campbell and Williams (1951).
The polarly flagellated strains were placed in the genus 
Pseudomonas, while those with peritrichous flagella were 
included in the genus Achromobacter. Those assigned to
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Pseudomonas, however, were placed in an unsatisfactory 
group since this genus is restricted to bacteria having 
an oxidative metabolism rather than a fermentative one.
The new species described and assigned to Achromobacter 
were subsequently placed into a newly created genus 
Beneckea (Breed et al., 1957) Okutani (1966) describ­
ed and proposed the name of six chitinoclasts from the 
digestive tract of marine fish as follows: Vibrio gerris,
V. orphus, V. labrakos, Aeromonas skiaina, A. chitinoph- 
thora, and Alginomonas channe. Other chitin utilizers 
isolated were similar to those previously named: V. pis-
cium (Breed et al., 1957), V. angui liar urn (Sakazaki, et al. , 
1970), V. parahaemolyticus (Sakazaki et al., 1963), 
Aeromonas liquefaciens, A. punctata, A. hydrophila 
(Breed et al., 1957), Bacterium chitinophilum (Hock,
1941) and B. lepidorthosae (Campbell and Williams, 1951).
Six isolates from Japanese waters were classified 
as Agarbacterium, Beneckea and Pseudomonas (Kihara and 
Morooka, 1962). Seki and Taga (1963a) described thirty- 
nine strains of chitinoclastic bacteria using Bergey's 
scheme (Breed et al., i957). They also isolated 
species similar to V. alopsis, first described by ZoBell 
and Upham (1944), and Pseudomonas cryothasia (Campbell 
and Williams, 1951). Chan (1970) separated the chitino­
clasts from Puget Sound estuary into the following genera: 
Vibrio, Pseudomonas, Cytophaga, Aeromonas, Photobacterium, 
and Streptomyces. He reported the abundance of Vibrio
18
species similar to V. marinus (redefined by Colwell and 
Morita, 1964) and V. gerris. V. alginolyticus was first 
named Oceanomonas alginolyticus by Miyamoto et al. (1961) 
but Sakazaki (1968) designated it as a second biotype of 
V. parahaemolyticus and gave the organism its present 
name.
Upon examination of the criteria for separation of 
marine Vibrio, Pseudomonas, Beneckea, and Aeromonas it 
becomes evident that little difference exists using 
classical techniques. Vibrio is defined in Bergey's 
Manual (Breed et al., 1957) on the basis of cell curvature 
and flagellation. The genus is restriofced to pCiaaMy-flagellated 
oxidase positive, curved rods which are faculatively 
anaerobic and ferment glucose with acid production but 
no gas. Davis and Park (1962) noted the subjectivity of 
using cell curvature as a criterion and expanded the 
genus to include straight rods. Aeromonas consists of 
oxidase positive, facultatively anaerobic polarly fla­
gellated or non-motile, straight rods fermenting glucose 
with or without the production of gas (Eddy, 1960). To 
distinguish the two genera, molecular techniques are 
required. Aeromonas contains 50 to 60 moles ratio GC 
(DMA base composition) (Hill, 1966), while Vibrio has 40 
to 50 moles ratio GC (Colwell, 1970) . Beneckea is com­
posed of peritrichously flagellated, facultatively anaero­
bic straight rods of marine origin which decompose chitin 
and ferment glucose with the production of acid but no
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gas (Breed et al., 1957). Allen and Baumann (1971) 
have shown that flagellation within Beneckea species may 
vary with cultural conditions, exhibiting peritrichous 
flagella when grown on solid medium but having a single, 
polar flagella when grown in liquid medium.
In taxonomic studies of marine bacteria, Baumann 
et al. (1971) re-evaluated the classification of the gram- 
negative rods of marine origin capable of fermenting glu­
cose without production of gas. Using classical biochemi­
cal and morphological tests, DNA base composition, and 
numerical analysis, 145 strains representing Beneckea, 
Vibrio, Aeromonas, Pseudomonas, and Photobacterium were 
reassigned to Beneckea, sensu Baumann. Although the Baumann 
scheme has received criticism, it represents an excellent 
attempt to group a number of similar species of marine 
origin.
The Rate of Chitin Degradation
It is difficult to discuss degradation of a substrate 
in "non-enzymatic" terms, particularly if an enzyme sys­
tem is the primary mechanisms by which the specified sub­
strate is decomposed. However, enzymes are limited not 
only by their indigenous properties but also by those 
factors which limit the growth and development of the or­
ganisms which elaborate the enzymes. For example, if an 
organism produces an extracellular enzyme whose cell-free 
characteristics include inactivation at pH 6-7, but the 
organism is neither found in nature nor can survive at
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pH's other than 6 and 7, the enzyme, for all practical 
purposes, is non-functional within that biological system.
It is with these considerations in mind that the process 
of chitin degradation is discussed.
Several papers, notably those of Seki (1965a,b) and 
Seki and Taga (1963c), have attempted to determine the 
rates of chitin mineralization in the ocean environment. 
Initially, pure cultures of the five predominant chitino­
clastic bacteria, all Beneckea species, were grown in a 
chitin medium under conditions approximating those in the 
sea. Total bacterial growth and chitin removal were 
simultaneously monitored. The rate of decomposition ob­
tained was 30 mg chitin/ 24 hours/ 10"^ bacterial cells. 
Little variation in the rate of degradation was noted with 
the bacterial type, the initial concentration of bacterial 
inoculum, or the initial concentration of chitin. The 
surface area of the particle affected the rate of decomposi­
tion inversely, i.e., the smaller the particle, the more 
rapid the material was broken down. Hydrostatic pressure 
also affected the rate; a pressure of 200 atmospheres de­
creased the rate by 40%. Assuming that the average chitin 
particle in the ocean is less than 0.033 cm, the rate of 
decomposition in the environment was calculated as 27 mg/
24 hours/ gm of chitin at 25 C. The complete mineralization 
of deposited chitin was then postulated to occur within 38 
to 67 days.
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Chan (1970) demonstrated that Vibrio species from 
the Puget Sound estuary decomposed chitin at a rate of 
80-130 mg/hour/10'1’0 bacterial cells at 22 C or 19.2-31.2 
mg/ 24 hours/ 1010 cells. Using a simulated model seabed 
system, Liston et al. (1965) demonstrated a rapid loss 
of CaCC>3 initially from a chitin substrate followed by a 
slower loss of protein and chitin. The rate of chitin 
degradation with Puget Sound sediment was 18.8 mg chitin/ 
day, but with mixed coastal sediments it was 4.5 mg chitin/ 
day (Liston, etal., 1966). The carbon conversion rate, 
however, was higher for offshore sediments, i.e., 48.4% 
compared with 10.7% for Puget sound sediments. The dif­
ference was postulated to reflect dissimilarities between 
the microbiota of the two environments.
In in vitro studies Seki (1965b) revealed areas of 
higher chitin decomposition, i.e., 75 mg chitin degraded/
30 days, just below the water-sediment interface, than in 
the water column or in the deeper sediment zones. Col­
lected cores of sediment from 2 to 10 cm deep and sea water, 
sterile sea water, sterile chitin strips were incubated in 
containers at 20 C and 10 C for 30 days. The pH and Eh 
were maintained but the bacterial cell crop was not enumer­
ated. While the closed systems do not duplicate conditions 
in the natural environment due to lack of exchange, nutrient 
inflow and waste outflow, the data identify microenviron­
ments capable of supporting greater chitin mineralization.
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From the results of the aforementioned workers (Seki, 
1965a,b; Seki and Taga, 1963c; Chan, 1970), it is apparent 
that chitin degradation is primarily a function of tem­
perature and available organic matter. Factors which do 
not fluctuate greatly in the marine environment, i.e., pH 
and salinity, have little effect on the growth of chitino­
clastic bacteria 03? on the rate of chitin decomposition. 
The indigenous microbiota may also determine the rate 
at which the substrate is mineralized.
The Chitinase Enzyme System
The structure of chitin. The term "chitin" has been 
applied in this review to the chemically pure polymer of 
N-acetylglucosamine as defined earlier. Since the term 
chitin may have one meaning to the biologist and another 
to the chemist, it is necessary to differentiate the terms 
"native chitin," "decalcified chitin", and "chitin".
Pure chitin is rarely found in the natural environ­
ment but occurs in combination with proteins and inorganic 
salts, primarily calcium salts. When in such conjunction, 
it is considered native chitin. The composition of native 
chitin in the cuticle of animals varies with species.
Hard exoskeleton, such as found in crabs, contains more 
salts and tightly bound protein than soft cuticle typical 
of shrimp. The pure chitin within the exoskeleton is 
highly organized into linear or fiberous micelles, the 
orientation of the molecular chains resulting in several 
X-ray diffraction patterns. On the basis of the patterns,
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chitin is separated into a, &, and Y types, each composed 
of chains of the N-acetylglucosamine unit linked in the 
1-4 3 glucosidic manner but arranged in a different 
physical structure (Richards, 1951).
The backbone structure of a chitin from insects and 
crustaceans contains two helical polysaccharide chains 
oriented in opposite directions with screw axes along the 
chain directions. There are four asymmetrical N-acetyl­
glucosamine residues per cell unit. The spatial configu­
ration of side groups are given in Figure 1 . The two 
chains are linked by hydrogen bonds, the first between the 
NH (amine) group on one chain and the CO group in the 
neighboring amino-acetyl group of the other chain. A 
second bond is between the oxygen and the hydroxyl group 
of the hydroxyl methyl side group. The bonds give the 
chains a bent or buckled configuration. For a more 
detailed explanation of the bonding see Deweltz (1960), 
Carlstrom (1962), and Ramakrishnan and Prasad (1972).
The y and 3 forms of chitin are found associated with 
an elastin counterpart (Rudall, 196 7) but their exact 
configuration at this time is unknown. The $ type is 
produced by Coelenterata, Annelida, Mollusea, and 
Brachiqpoda and is associated with collagen cuticle 
(Hackman, 1964). The y type is found in cuttlefish shell 
and shows a more disoriented x-ray diffraction pattern 
than the other chitins (Hackman, 1960).







The exact nature of the association between protein 
and chitin is unknown. However, Hackman (1960) suggested 
that the protein is linked by stable covalent bonds, 
resulting in a glycoprotein complex. The protein appears 
to be linked to the chitin chains through the aspartyl 
and histidyl residues (Hackman, 1964). In soft cuticle 
a large portion of the protein can be removed by hot 
water, suggesting a loosely-bound water soluble protein, 
while a small amount can be removed by 5% KOH extraction. 
Contrariwise, in hard cuticle less protein is removed by 
water and more is removed by KOH extraction (Richards, 
1951). DeMets and Jeuniaux, as reported by Richards 
(1951), extracted a Streptomyces chitinase, which could 
not attack chitin until the protein was removed by alka­
line digestion. Bull (1970) demonstrated a similar 
phenomenon with a chitinase from Aspergillus nidulans. 
Melanin-bound chitin proved extremely resistant to this 
chitinase system, but activity was restored when the 
melanin was removed.
Calcium carbonate exists in the chitinous exoskeleton 
of crustaceans in the primary form of calcite. The per­
cent composition varies with each species ranging from 
16 to 60% of the dry weight of the cuticle. Other inor­
ganic salts include MgC03 , CajP04)2, Si02, (Al, Fe)203. 
MgO, CaO, P2°5 , and CaSO^, but the salts are found only in 
trace quantities. Calcite may occur in either micro or 
macro crystals in granular, platelike, circular
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symmetrical, or disc-like spherical patterns. Commonly, 
the crystals result in a mosaic pattern but there is no 
fusion of the crystallites and each crystal is a self-dif­
ferentiating unit (Richards, 1951).
Enzymatic mechanisms involved in the degradation of 
chitin. Several enzymes are responsible for the breakdown 
of chitin by an exocellular system to products which can 
be taken up by the cell and then utilized for intracellular 
metabolic processes. The following schematic is a composite
of previously reported steps involved in chitin degradation.
prehydrolytic chitinase
C h itin-------------------► Chitin (Susceptible)--------- -*■
factor. (CH^)
(cellular uptake) chitobiase (cellular uptake) chitobiase
Chitodextrins----------- *■ Chitobiose------------*■
short chain or chitinase dimer
soluble chitin
residues
(cellular uptake) deacetylase (cellular uptake) deaminase




Reynolds (1954) found that the exocellular: chitinase 
produced by a Streptomyces species attacked chitin with 
the formation of two end products, the monomer, N-acetyl­
glucosamine, and the dimer, N, N-diacetylglucosamine.
Like many other polysaccharides, one or more enzymes degrade 
the substrate to a biose stage which is then split by 
another enzyme to the monomer stage. No chitodextrins,
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glucosamine, or glucose were detected as products of the 
enzyme system. Berger and Reynolds (1958) resolved a 
chitinase system of Streptomyces griseus into two 
chitinases with similar activities, and a chitobiase. 
Chitin was hydrolyzed by the chitinases to N-acetylglu- 
cosamine and N,N-diacetylchitobiose without the formation 
of detectable concentrations of. higher saccharides. 
Chitodextrin was cleaved randomly, forming a number of 
intermediate saccharides by the chitinase and. then further 
hydrolyzed to the monomer and the dimer. The trimer, 
N,N,N-triacetylchitotriose, and the tetramer, N,N,N,N-tetra 
acetylchitotetraose were broken down to the monomer and 
dimer stages also. The chitobiase hydrolyzed the 8 
phenylglycosides of N-acetylglucosamine, the di- and 
trisaccharides of N-acetylglucosamine but none of the 
higher saccharides. Kimura et al (1967a) demonstrated 
the presence of three products from chitin hydrolysis 
by a chitinase extracted from the snail. N-acetylglu­
cosamine and two oligosaccharides of the N-acetylgluco- 
samine were detected on chromatographic analysis.
Okutani (1966) showed that the end products of a 
chitinase system from an animal (a marine fish, Lateola- 
brax japonicus) and a bacterial source (Vibrio gerris 
and Aeromonas chitinophthora) were N-acetylglucosamine, 
and its oligosaccharide as well as glucosamine. It was 
suggested, however, that the glucosamine present was due 
to deacetylation of chitin during preparation. The
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composition of the oligosaccharide was not identified 
but it was probably the dimer, N,N-diacetylchitobiose. 
Other workers (Hackman, 1964; Veldkamp, 1955) reported 
glucosamine as an end product of chitin degradation, but 
in each case suggested it was due to deacetylation in 
the preparation of chitin. When chitin is treated with 
acid (either dilute HC1 in the decalcification procedure 
or with concentrated HC1 in the process of swelling chitin 
i.e., "molecular chitin"), some of the N-acetylgluco­
samine units can be deacetylated. Veldkamp (1955), how­
ever, detected the accumulation of acetic acid in the 
culture fluids of Pseudomonas chitinovorans in the pre­
sence of chitin under conditions in which bacterial 
metabolism was inhibited. It was concluded that the only 
mechanism by which the acetic acid could accumulate was 
by direct deacetylation of N-acetylglucosamine to gluco­
samine and acetic acid by the action of a deacetylase.
A prehydrolytic factor similar to that reported for 
cellulolytic systems was suggested by Monreal and Reese 
(1969). Little correlation was found between activity 
of the chitinase on crystalline and swollen chitin. If 
only one component were involved there would have been a 
strong correlation between the activities on both sub­
strates. The chitinase of Serratia marcescens, however, 
showed increased activity on swollen chitin with incuba­
tion, but decreased activity on crystalline chitin. The 
data indicated that a special enzyme (CH^) was required
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to modify the crystalline chitin to a form susceptible 
to the glycanase. A synergistic effect was not evident 
on combining the chitinolytic factors; however, Jeuniaux 
(1955;1959a) observed such effects when several chitin­
ase fractions were combined.
The chitinase of Serratia marcescens was also demon­
strated to be a highly specific enzyme acting only on the 
$ 1,4 polymer of N-acetylglucosamine (Monreal and Reese, 
1969). The mechanisms of the enzyme system were charac­
terized as similar to those for the enzyme system of 
Streptomyces (Berger and Reynolds, 1958): 1) chitinase,
which included a random endoglycanase producing soluble 
intermediates upon chitin hydrolyzation, and 2) a glyco- 
sidase which hydrolyzed these intermediates to the monomer 
stage.
The terminal steps in the breakdown of chitin have not 
been established at this, time. To date, no evidence has 
been found to indicate the presence of an exocellular 
deacetylase or a deaminase elaborated by an organism which 
also produces a chitinase or a chitobiase. ZoBell and 
Rittenberg (1938) first suggested that chitin degradation 
might occur from the splitting-off of the amino-acetyl 
group. These workers detected ammonia and acetic acid 
in the culture media of marine chitinolytic bacteria grown 
in the presence of chitin. Data compiled by Okutani and 
Kitada (1968 a,b) showed large amounts of acetic acid 
and lactic acid, as well as other organic acids, which
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accumulated in the media when marine chitinoclasts were 
grown with chitin as the sole carbon source. Acetic acid 
also accumulated but to a lesser extent in media devoid 
of chitin. These experiments do not definitely demonstrate 
that an exocellular deacetylase occurs, but rather suggest 
that the organic acids detected are metabolic intermediates 
produced by complex intracellular reactions. However, 
Faulkner and Quastel (1956) noted a specific deacetylase in 
E. coli. The enzyme was exocellular and capable of attack­
ing the acetyl group on the N-acetylglucosamine unit 
(Dobrogoxz, 1968). Wu and Wu (1971) demonstrated that the 
deacetylated glucosamine was then transported into the cell 
by a specific enzyme system. For a review of the pathway 
see Okutani and Kitada (1970).
Little information is available concerning deamination 
of glucosamine. Although the assimilation of amine com­
pounds by marine microorganisms has been shown, the enzy­
matic mechanisms for the utilization of the amines have 
not been clearly demonstrated (Meyers and Nicholson, 1970). 
Utilization of methyl amine by marine bacteria occurs by 
a demethylation process rather than a deamination or amine 
oxidase mechanism (Budd and Spencer, 1968). Glucose as 
well as N-acetylglucosamine was detected in the culture 
fluid of a Chytrimyces species grown with chitin (Reisert, 
1972). It was explained, however, that the glucose might 
have been a product indigenous to the spore, transferred
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to the fluid and released upon germination rather than a 
breakdown product.
Distribution of chitinase systems. Chitinases are 
found in a variety of organisms including bacteria, fungi, 
invertebrates and vertebrates (even some mammals). Of these, 
microorganisms probably provide the most convenient source 
of chitinase and for this reason these systems are more 
generally studied. Whether the systems found in the various 
animals examined are similar to those of microbial origin 
remains to be demonstrated. Jeuniaux (1971) considered all 
chitinase systems examples of regressive evolution or "enzy- 
mapheresis." Chitinases and chitobiases in the primitive 
unicellular organism are widespread and well-developed sys­
tems. In the more advanced phyla, however, chitinase sys­
tems are less widespread and less developed, in many cases 
characterized by the loss of one of the chitinolytic enzymes. 
Only in those organisms recognized as chitin consumers are 
the enzymes retained. Animals which have adapted to diets 
devoid of chitin have subsequently lost the ability to pro­
duce chitinases.
Microbial chitinases: cultural conditions. The first
consideration in the study of microbial chitinases is the 
disclosure of conditions which promote production of the 
enzyme. Such cultural conditions were reviewed by Monreal 
and Reese (1969). The type and concentration of chitin on 
which the organisms were grown proved to be important.
Little enzyme was elaborated on mushroom chitin or on beetle
33
(Tribolium) chitin, while shrimp chitin permitted higher 
enzyme production. Maximal yields of chitinase were obtain­
ed on highly purified commercial chitin. Baxby and Gray 
(1968) also noted increased growth of bacteria on shrimp 
chitin than on lobster chitin. In the investigation, the 
degree of purity of the substrate may have contributed to 
the results. The shrimp was highly purified while the lob­
ster chitin was only partially purified. Other factors in­
fluencing chitinase production were particle size and initial 
concentration of chitin. With the reduction of substrate 
particle size an increase in chitinase activity was noted. 
Maximal yields of enzyme occurred on 1.5% to 2.0% chitin.
For the fungus, Chytriomyces, only 0.2% substrate was re­
quired for highest enzyme production (Reisert and Fuller, 
1962). Greatest activity was detected on the substrate 
chitin, with the soluble dimer, N, N-diacetylchitobiose, 
giving approximately one-third the yield. The monomer, N- 
acetylglucosamine, gave less than 7% of the activity while 
chitosan, glucosamine, cellulose, cellobiose, glucose, and 
lactose gave little activity. Therefore, the probable induc­
ers of chitinase are soluble oligomers derived from chitin 
(Monreal and Reese, 1969). However, the chitinase of the 
fungus, Beauveria bassiana, produced chitinase without the 
addition of chitin to the medium, indicating that this sys­
tem is a constitutive one (Leopold and Samsinkova, 1970).
Okutani and Kitada (1968a,b) observed inhibition of 
chitinase production when several chitinoclastic marine
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bacteria were grown on acetate and lactate, but little inhibi­
tion was noted when the bacteria were grown on succinate.
Clark and Tracey (1956) found that glucose in the culture 
medium depressed chitinase production by a factor of 3 to 5. 
Inhibitors in culture may be breakdown products of N-acetyl­
glucosamine.
Highest chitinase yields were obtained in 4 to 5 days 
for Serratia marcescens and several other species (Monreal 
and Reese, 1969), 4 to 5 days for the fungus, Beauveria 
bassiana (Leopold and Samsinkova, 19 70), and 6 days for the 
Streptomyces species (Reynolds, 1954). Optimum temperature 
for several bacteria and an Aspergillus species was 30 C.
The initial pH for highest enzyme production varied with 
species type but correlated with the microbial growth pat­
tern, i.e., bacteria showed optimum chitinase production at 
neutral pH 7.0-7.5, fungi at pH 4.5 (Monreal and Reese,
1969).
Microbial chitinases; properties of the cell-free 
extract. It has been documented that extraneous protein 
in an enzyme extract causes marked changes in the rate of 
substrate breakdown and in the effect of pH on the activity 
of the enzyme. Thus, a necessary prerequisite for charac­
terization of an enzyme is purification (Tracey, 1955).
Since such purification is an arduous and time consuming 
task, many of the reports concerning the properties of chi­
tinase have involved crude extracts. With these observations
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in mind, some of the properties of chitinase are reviewed 
below.
Chitinases of several species of Streptomyces have been 
purified and obtained in large enough quantities to deter­
mine many of the physical and chemical properties (Skujin et 
al., 1970: Jeuniaux, 1951, 1956, 1959b). The pH for optimal 
activity was pH 5.0 for the chitinase of Streptomyces anti- 
bioticus (Skujin et al., 1970) while for another Streptomyces 
species it was pH 6.2 (Berger and Reynolds, 19 58; Reynolds, 
1954). The enzyme of antibioticus was shown to be rela­
tively stable with respect to drying and heating, with 
inactivation at 65 C within 3 hours. The sequence of ion
4-4 . 4.4. 4-4-inhibition was as follows: Mg < Co < Zn (with the
+ ++ Na ion inhibiting the enzyme more effectively than the Ca
ion). The Ca++ ion stabilized the enzyme in small quanti­
ties (Skujin et al., 1970 ; Jeuniaux, 1959b). In an Actino-
++myces species, Cu had a greatly reducing effect on the
4-4-activity of the chitinase, while Mg caused some activation 
of the enzyme (Wigert, 1962).
Sedimentation tests revealed a molecular weight of 
the Streptomyces chitinase of 29,000 (Skujin et al., 1970; 
Jeuniaux, 1959b). Because the chitinase reaction takes 
place after adsorption of the enzyme to the surface of the 
substrate and, the Michaelis-Menten equation is not appli­
cable to enzymatic reactions at surfaces, the Km of the 
chitinase is not a valid characteristic (Skujin et al., 1970).
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A study of the chitinase of the fungus, Chyrtriomyces 
hyalinus, disclosed greatest activity at a pH similar to 
those in Streptomyces, i.e., pH 5.0 (Reisert, 1972). Acti­
vity was negligible below 10 C, optimal at 25 C, and com­
pletely lost at 45 C. Neither N-acetylglucosamine nor
++ ++glucose inhibited the activity, but Cu and Cd caused 
total inhibition, while Co , Li , Mg , and Na decreased 
activity in the respective order. Similar results were 
reported for the chitinase system of the fungus, Aphanomy- 
ces astaci (Unestam, 1968).
The chitinases of several marine chitinolytic bacteria, 
Aeromonas chitinophthora and Vibrio gerris, were partially 
purified and characterized as follows: pH optimum 5.5-6.0
and 7.0, respectively; stability maintained within a range 
of pH 5.0-9.0; and temperature optimum 40 C (Okutani, 1966). 
The crude extract of chitinase from Serratia marcescens ex­
hibited maximum activity at pH 6.4 and 50 C with 50% loss 
of activity at 50 C for 1 hour at pH above 7.2 and below pH 
4.8 (Monreal and Reese, 1969).
Chitinase of marine invertebrates. Numerous reports 
document the presence of chitinase systems in animals. How­
ever, since it is beyond the scope of this review to discuss 
distribution in general, this discussion will be limited to 
the properties of chitinases from marine invertebrates. For 
a more complete review of the subject, see Elyakova (1972), 
Jeuniaux (1961), Tracey (1955) and Frankignoul and Jeuniaux 
(1965).
37
A series of investigations by Okutani (1966),
Okutani et al. (1967a, b) and Sera and Okutani (1968) 
described the properties and mechanisms of the chitinase 
systems of the Japanese sea bass, Lateolabrax japonicus, 
the yellow tail fish, Seriola quinqueradiata, the rainbow 
trout, Salmo irideus, and the sea bream, Acanthopagrus 
schlegedi. Highest activity was noted in the stomach 
of the vertebrates with some activity in the pyloric 
caeca and the intestines. The chitinase from the sea bass 
gave optimum activity under the following conditions: 
pH 4.0, 50 C, stability range of 3.0-8.0 at 60 C for 30 
minutes. Similar results were observed with the chitinase 
of the yellow tail. The trout chitinase was slightly less 
stable than the other enzymes with an optimum pH and 
temperature of 4.5 and 30 C, respectively. The optimum 
pH and temperature of the bream chitinase was 3.4-4.0 and 
60 C, respectively.
The enzymatic products of chitin hydrolysis were 
identified as N-acetylglucosamine and higher oligosacchar- 
rides of N-acetylglucosamine (Okutani, 1966). It was 
suggested that a chitinase randomly attacked the linkages 
of chitin forming the dimer, trimer, and higher chain 
units, after which a chitobiase hydrolyzized the dimer and 
trimer to the monomer, N-acetylglucosamine. It thus 
appears that this system resembles that found in micro­
organisms .
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A chitinase from a snail, Helix species, was partially 
purified by Kimura et al. (1967 a,b). The state of 
purity of the substrate was shown to be very important 
for maximum activity. After decalcification of chitin 
an increase of 80% in activity of the enzyme was found, 
while after deproteinization a 20 to 30% increase in 
activity was noted. The former increase was suggested as a
result of removal of enzyme inhibitors, Ca++ ion primarily.
++ ++ ++Certain other ions, Fe , Mn , and Zn , were demonstrated
to increase activity. The chitinase was specific and did 
not react with any other polysaccharides or mucopolysac­
charides other than chitin. Upon digestion of the substrate, 
identification on chromatographic paper revealed N-acetyl- 
glucosamine.
A chitinase system was demonstrated in the gastic 
juices of the American lobster, Homarus americanus, 
by Brockerhoff et al. (1970). A highly active chitobiase 
was detected but very little chitinase activity was noted. 
The assay used for chitinase activity, chitin azure, may 
have been a poor one, with low activity possibly attri­
buted to the substrate or other conditions. The optimum 
pH and temperature for the chitobiase was pH 5.0 and 30 C 
and for the chitinase, pH 3.0-8.0 and 37 C, respectively.
Of all the enzymes detected in the gastic juice, only the 
chitiobiase demonstrated an optimum pH similar to that of 
the normal pH of the gastic juice within the animal.
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Kooiman (1964) reported chitinase activity at optimum pH 
of 3.0-4.0 for related species, Astacus fluViatilis 
and Homarus vulgaris.
The problem proposed by Kooiman (1964) was as follows: 
enzymes found in the digestive tract of Crustacea may not 
be indigenous, but rather produced by the endosymbionts 
within the animals. To date, no cr.ustacea producing 
chitinase has been found with chitinoclastic bacteria 
absent. Kooiman (1964) demonstrated the indigenous nature 
of enzymes by showing that chitinase was secreted by the 
digestive gland, the hepatopancreas, and that chitinolytic 
microorganisms were not present in this gland in sufficient 
concentrations to produce a bacterial chitinase. However, 
the method used by Kooiman to detect bacterial chitinase 
was designed to detect only a constitutive chitinase 
rather than an adaptive one. Thus, the question of the 
presence of an indigenous enzyme has still to be demon­
strated.
MATERIALS AND METHODS
This study was divided into three major steps of 
investigation: the first involved the distribution of
chitinoclastic bacteria within the Barataria Bay salt marsh 
ecosystem; the second was a determination of chitin degrada­
tion rates; and the last was an investigation of the chiti­
nase system of selected bacteria and the white shrimp,
Penaeus setiferus.
Bacterial Distribution Studies 
Sampling. Collections were made within a small semi­
enclosed lake, Airplane Lake sites 5, 6, 7, and marsh 8, in 
Barataria Bay estuary (Figures 2, 3). For a detailed des­
cription of the Barataria Bay estuary see L.S.U. Coastal 
Study Bulletin (1970). Samples of submerged sediment, marsh­
land soil, and sea water were taken monthly over a period 
of one year, 1971. Shrimp samples were taken during the 
months of May, June, August, September and October, 1971. 
Methodology using a Peterson Grab for sediment and a water 
sampler for sea water were described earlier (Hood, 1970).
Enumeration of heterotrophic aerobes. Appropriate dilu­
tions using aged natural sea water (ANSW) were made of the 
submerged sediment, marshland soil, and sea water, following 
which 0.1 ml. of the appropriate dilutions was plated on
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Figure 2 Location Map of Barataria Bay Estuary. 
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Marine Agar 2216 using the surface smear technique (Hood,
1970). The plates were incubated for three days at 22 C, 
followed by colony enumeration.
Specimens of Penaeus setiferus, collected by trawling 
the waters of Airplane Lake, were placed in sterile plastic 
bags and returned to the laboratory in an ice chest for 
analysis within four hours in the first three sampling 
periods. In the fourth sampling, analysis was performed 
within five minutes after collection, while in the fifth 
sampling, shrimp were placed in an aerated holding tank im­
mediately following capture and returned alive to the labora­
tory within four hours. A sterile graduated Pasteur pipette, 
slightly bent with a thin drawn out end, was inserted into 
the proventriculus (stomach) of the shrimp and the contents 
were withdrawn by suction. The animals were bisected behind 
the hepatopancreas (digestive gland) using sterile techni­
ques. With a tweezers, the intestine was clasped and the 
tail of the shrimp pinched, following which the mid gut was 
easily removed and weighed. The intestine was placed in a 
water blank containing glass beads and shaken for one minute 
to rupture the lining so as to disperse the contents. The 
heptopancreas was removed by careful dissection and also 
weighed.
Shrimp exoskeleton samples and-chitin particles inocu­
lated into the environment were treated by homogenizing the 
material in a micro-blender (Lourdes Instrument Corp.,
Model VM) at 8,000 rpm for two minutes with the container
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partially submerged in an ice bath to prevent heat damage 
to the bacterial cells.
Enumeration of chitinoclastic bacteria. One ml of the 
appropriate dilutions of sediment, marsh soil and sea water 
was placed on the top of a thin layer of sea water agar. 
Chitin medium containing 0.05% yeast extract, 2.5% ball- 
milled purified chitin (Calbiochem), and sea water pH 7.6 
cooled to 45 C was poured over the aliquot. The chitin had 
been balled-milled for 48 hours at 4 C to reduce particle 
size. The plate was swirled to insure mixing and placed on 
a previously cooled surface to prevent heat damage to the 
bacterial cells. Several types of chitin from different 
sources were used, i.e., exoskeleton of white shrimp treated 
only with dilute acid; exoskeleton of king crab partially 
purified by acid and alkaline treatment according to Benton 
(1935)? horny pen from squid, Lpligp pealei, untreated; 
cuticle of a small crab species, acid and alkaline treated; 
and a highly purified commercial chitin from shrimp and 
crab (Calbiochem) acid, alkaline and ethanol treated.
After ten days of incubation at 22 C, colonies were 
enumerated which exhibited clearing zones indicative of 
chitin utilization.
Identification of the isolates. The chitinoclastic 
bacteria were identified according to the schematics pre­
sented in Figures 4 and 5. These represent a composite of 
marine bacteria previously reported to be chitinoclastic. 
Genera which are not recognized as chitinoclastic were
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Figure 5. Identification Schematic for Genus Beneckea, 
sensu Baumann et al. (1970).
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omitted. The sources for these schematics were Baumann 
et al. (1971), Breed et al. (1957), Lewis (personal communi­
cation) and Skerman (1967). Numerous other tests were con­
ducted other than those used in the classification scheme. 
Such standard tests included casein, gelatin, starch, 
citrate, tributyrin, and cellulose utilization. Methyl red, 
Voges-Proskauer, oxidase test, indol production, hydrogen 
sulfide production and nitrate reduction were also deter­
mined. Growth in 1% glucose, sucrose, fructose, lactose, 
mannitol, galactose, maltose, arabinose, cellobiose, salicin, 
xylose, glycine, and dextrin was determined. All media 
contained, in addition to the main carbon source, sea water 
and 0.01% yeast extract, (pH 7.6), and were compared to 
growth in a control medium composed of basal broth (sea 
water and 0.01% yeast extract). The medium used for oxida- 
tion-fermentation was Marine Oxidation-Fermentation medium 
(Difco, MOF). Leifson's method as described by Skerman 
(1967), was used to detect flagella.
Survival of Bacteria in the Digestive Tract of White Shrimp.
Feed Study. Twenty-two white shrimp were removed 
from a main holding tank and put into partitioned aquaria. 
Animals were starved for 48 hours after which they were fed 
a diet containing two bacterial isolates. The crustacean 
food, designated FST-12-72, was prepared as described by 
Butler (1969). Into one portion of the food was mixed 
Bacillus firmus cells, a predominant sediment organism, and
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into the other was mixed Beneckea neptuna (5/3), an iso­
late predominant in the shrimp digestive tract. The cells 
had been grown in peptone (1%), yeast extract (0.05%), sea 
water broth for 24 hours, centrifuged at 7,000 rpm, and 
resuspended in fresh sterile sea water (10 ml). The cells 
were then added to the crustacean diet. Bacterial cells 
were enumerated within the food as well as within the diges­
tive tract of two of the starved animals (controls). Ten 
animals were fed the food containing the Bacillus isolate, 
and ten, the Beneckea species with each shrimp consuming 
0.1 gm of the food-bacteria mixture. At various intervals 
after ingestion, two of the animals were sacrificed and 
total bacteria in the proventriculus and the gut were enumera­
ted. After defecation, the feces were collected and bac­
terial biomass was determined.
Bacteriolytic properties of the hepatopancreas. The 
digestive glands from four white shrimp were removed and 
placed in cold sterile sea water, to give a final dilution 
of 1/10 (1 gm tissue/ 9 ml sea water). The tissue was homo­
genized in a micro-blender at 8,000 rpm for two minutes 
with the container partially submerged in an ice bath. Cells 
Bacillus firmus and Beneckea neptuna grown on Marine Agar 
2216 slants for 24 hours at 22 C were scraped off aseptically 
and added to 10 ml sterile sea water. Plate counts and 
direct counts (Collins and Lyne, 1970) were made on the 
suspensions to determine the total number of cells. The
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hepatopancreas extract (2 ml) and 2 ml of sterile sea 
water were mixed. The pH of this solution was adjusted 
with KOH to 7.2. Bacterial suspensions (2 ml) were added 
to the hepatopancreas extract. The tubes were incubated 
at 22 C on a roller drum (New Brunswick Scientific Co.,
Model TC-5) and at time intervals of 5, 30, 60, 120 and 180 
minutes, 1 ml was removed and direct counts and plate counts 
were performed.
Chitin Degradation Rates
In vitro studies. The methods used for these experi­
ments were described by Seki (1965b). Collected sediment 
(the top 2 cm) and sea water were mixed with sterile ANSW. 
This solution was added to sterile flasks containing 0.1 gm 
(dry weight) purified chitin particles (Calbiochem) whose 
size averaged 1 cm by 0.5 cm and 0.2 cm thick. The flasks 
were incubated at 22 C for 30 days after which the particles 
were collected and washed with 2% HC1 and followed by 12% 
hot KOH. Particles were then treated with 95% ethanol and 
dried at 105 C until no weight change was noted. The amount 
of chitin decomposed was caluclated by subtracting the 
amount of chitin present after incubation from the initial 
quantity.
Pure culture studies. The procedures used for the pure 
culture studies were similar to the gravimetric measurements 
described by Chan (1970). Twenty grams (dry weight) of 
ball-milled chitin (Calbiochem) were mixed into 300 ml of
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concentrated HC1 and dissolved. The acid chitin solution 
was poured into a large volume of distilled water. The 
chitin formed a milky white precipitate which was repeatedly 
washed by filtration until no acid was detected (Okutani, 
1966). The solution, adjusted to 5% chitin, was then soni­
cated (using a Bronson Sonifer Cell Distrupter, model W-140- 
E), to reduce particle size. The pH of the solution was 
adjusted before sterilization to give a final pH of 7.6.
One ml of the evenly suspended chitin was added to flasks 
containing a basal broth of yeast extract (0.05%) and sea 
water, pH 7.6. Into the flasks were inoculated one ml of 
four selected chitinoclastic isolates (designated S/1, S/4, 
W/4, and 5/3) which had previously been grown in yeastI
extract, peptone, sea water broth for 24 hours at 22 C. The 
flasks were incubated at 22 C on a shaker and were daily 
shaken by hand to remove the chitin which was deposited 
around the broth-glass interface. An equal number of 
sterilized control flasks containing the chitin, the basal 
broth, and one ml toluene was incubated also. At 24-hour 
intervals, enumeration of bacterial cells was conducted, as 
previously described, using Marine Agar 2216. Flasks con­
taining the bacterial isolates and the control flasks were 
removed and heated to boiling for ten minutes. The contents 
were cooled, filtered, treated with 2% HC1, hot KOH (12%) 
and, again filtered. The acid and alkaline solutions were 
washed from the chitin, after which the substrate was col­
lected and dried at 105 C for 12 hours. The dry weight of
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chitin remaining subtracted from the dry weight in the 
control flasks represented the amount of chitin decomposed.
In situ studies. Native chitin obtained from shrimp
was carefully washed in tap water and scrubbed to remove any
tissue or extraneous matter. Only the back portion of the
exoskeleton of the animal was used, thus giving a relatively
2smooth chitin particle whose size averaged 1 to 2 cm with 
a thickness of approximately 1 to 0.5 mm. The chitin was 
dried at 105 C until no change in weight was observed.
After weighing, the chitinous exoskeleton was placed in 
acetate bags of a 60 micron mesh size. The bags were 
placed in a nylon bag, mesh size of 0.25 cm. The acetate 
and nylon bags were used to avoid the degradation processes 
commonly occurring in sea water when cotton and other natu­
ral fibers are used. They were then attached to a rod and 
inserted into a metal trap (Figure 6). The wire trap pro­
tected the bags from crabs and other animals which might 
have punctured the containers. The apparatus was stationed 
near site 7 in Airplane Lake. This site was selected 
because tidal action is notably reduced in this area.
The chitin substrate was seeded during the months of 
September through March, 1972-1973 (September, preliminary 
sampling; October 21-November 4, sample period I; November 
17-24, sample period II; December 15-21, sample period III; 
January 6-19, sample period IV; February 16-23, sample 
period V; February 23-March 4, sample period VI). An
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instrument station located at mid-channel leading into the 
lace (site 5a) minotored water temperatures during these 
periods (Adams, 1970).
After appropriate time intervals in the environment, 
the bags were retrived, and returned to the laboratory in 
an ice chest within 24 hours for analysis. The bags were 
submerged in boiling water for 10 seconds to remove bacterial 
cells and the contents emptied into a U.S. standard metal 
sieve (No. 100, mesh size 149 microns). Distilled water 
was sprayed over the particles for 30 minutes and they were 
carefully washed to remove most of the remaining bacterial 
cells and any accumulated matter. The particles were col­
lected, dried at 105 C until no weight change was noted.
The difference between the initial weight and the remaining 
chitin represented the quantity of the substrate decomposed 
per time unit.
Different types of chitin were used to determine poss­
ible dissimilar rates of degradation. Chitins tested were 
as follows: untreated native shrimp chitin (68% chitin,
10% protein, and 22 % salts) as reported by Richards (1951), 
molted shrimp eoxskeleton (containing a higher percentage 
of chitin than untreated native chitin, less protein and 
considerably less salts), dilute HC1 treated shrimp cuticle 
(containing only trace amounts of salts and less protein 
than the native chitin), and purified shrimp exoskeleton 
treated with dilute acid, KOH, and ethanol according to 
Benton (1935) and Campbell and Williams (1951).
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Bacterial biomass (both total and chitinoclastic) was 
monitored during the February-March sampling period. One 
gram wet weight of the chitin from the acetate bags was 
placed into 99 ml dilution blanks immediately after 
collection. The sea water blanks were stored in an ice 
chest during transport to the laboratory. Enumeration was 
conducted within 24 hours.
Degradation rates were measured in relation to other 
parameters such as particle size of the chitin, initial 
concentration of the chitin, and depth of water column.
Characterization of Bacterial Chitinase
Enzyme preparation and cultural coiiditions. Bacterial 
isolates showing chitinolytic activity were transferred to 
slants of Marine Agar 2216 and stored at 4 C. Cells were 
inoculated into peptone(5%), yeast extract (0.05%), and sea 
water, (pH 7.6) and incubated at 22 C for 24 hours. One ml 
of the suspension was then added to the chitin medium con­
taining purified ball-milled chitin, 0.05% yeast extract, 
and sea water. The method used was similar to that described 
by Okutani (1966). After appropriate incubation the liquid 
was centrifuged in the cold for 30 minutes at 8,000 rpm.
The enzyme was precipitated from the cell-free liquid with 
ammonium sulphate (0.8 saturation). The precipitated frac­
tion after remining over-night in the cold at 4 C was centri­
fuged at 8,000 rpm for 30 minutes and dissolved in 10 ml 
cold distilled water. This solution was then centrifuged at
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8,000 rpm for 30 minutes in the cold and used as the 
enzyme solution. Enzyme production was determined in media 
containing .5% chitosan, glucosamine, N-acetylglucosamine, 
peptone, and glucose. Activity was measured in media con­
taining different concentrations of chitin (1% to .1%), with 
various initial pH's (6.0-8.5), at temperatures of 20-30 C 
and at intervals of 1-10 days.
Enzyme assay system. The usual assay system consisted 
of 1 ml of the enzyme solution, 2 ml of Mcllvaine buffer 
solution, and 2 ml of precipitated chitin. Toluene (0.2 ml) 
was added to prevent any bacterial activity. The precipitat­
ed chitin was prepared by dissolving 1 gm of chitin in 15 ml 
of concentrated HC1 (or 10 gm in 150 ml) and adding the 
dissolved chitin to a large volume of distilled water as 
described previously. The precipitated chitin was washed 
free of acid with distilled water and adjusted to the value 
of 10 mg per 1 ml. The solution was sonicated to break up 
any larger particles remaining and the pH adjusted to 7.0. 
Toluene was added as a preservative.
After appropriate incubation, the reaction was stopped 
by heating at 100 C for 3 minutes. The assay system was 
cooled and filtered. Reducing sugars were measured in the 
supernatant by the dinitrosalicylic acid method (DNS) (Sumner 
and Somers, 1944). N-acetylglucosamine was determined ac­
cording to Reissig et al. (1955), and total hexosamines 
were measured by the Elson-Morgan method modified by Boas
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(Good and Bessman, 1964). Protein was determined by the 
Lowry method (Lowry et al., 1951). Glucose was deter­
mined by the standard Glucostat method (Worthington Biochem­
ical Co.) .
Thin layer chromatography was carried out using commer­
cial plates (Calbiochem) and butanol:acetic acid:water 
(10:3:7) as the solvent (Okutani, 1966). The plates were 
sprayed with anilin hydrogen phthalate (Colwick and Kaplan, 
1957) and Elson-Morgan reagents (Partridge, 1948) for spot 
analysis.
The effect of pH, temperature, different ions (0.1 mol­
arity), and chitin derivatives, i.e., chitin and chitosan, 
chitobiose and N-acetylglucosamine, were tested on the acti­
vity of the cell-free enzyme.
Shrimp chitinase. The hepatopancreas, proventriculus, 
and intestine of white shrimp were removed, weighed, and 
placed in distilled water to give dilutions of 1/10, 1/10, 
and 1/25 (gm of tissue to volume of water), respectively.
The material was homogenized by blending at 8,000 rpm for 
5 minutes in the cold. The extract was centrifuged at 8,000 
rpm in the cold and the remaining supernatant was used as 
the crude enzyme extract. The procedure for the determina­
tion of the shrimp chitinase was identical to that described 
for the bacterial enzyme. The cell-free enzyme of the hepa­
topancreas was compared with that of two active intestinal 
isolates, 5/3 and 4/4, on the basis of optimum temperature 
and pH, and ion inhibition of the chitinase.
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Effect of diet on chitinase production. Eight shrimp 
(approximately 100 mm in length) maintained in partitioned 
aquaria, were fed a diet containing 10% chitin in a rice 
bran diet. Eight other shrimp were fed only the rice bran 
devoid of chitin. The molted shrimp exoskeleton was care­
fully removed from the tanks to prevent any consumption 
of this chitinaceous substance by the shrimp. The experi­
ment was repeated extending the feeding time to two weeks 
and again to three weeks. After the respective time inter­
vals the shrimp were sacrificed and the hepatopancreas, 
the proventricuius, and the intestine removed. The tissue 
of two shirmp were combined giving four replicas of each 
diet per experiment. Determination of the chitinase acti­
vity on the extract of these organs was previously described.
RESULTS AND DISCUSSION 
Distribution of Chitinoclastic Bacteria
Determination of a suitable medium. The selection of 
a medium which allows for maximal and most rapid colony 
development is a necessary prerequisite in the investiga­
tion of bacterial distribution. Chitins from several 
sources and treated in various manners as described earlier 
were compared for their ability to serve as a substrate for 
chitinoclastic bacterial growth. Results given in Table 1 
indicate that shrimp chitin treated with dilute HC1 is the 
most suitable substrate for bacterial enumeration. Statis­
tical analysis using the "t" test (Lewis, 1966) showed the 
shrimp chitin medium to be significantly superior to any of 
the other chitinaceous media at the 95% confidence level.
The chemical purity of the chitin as well as its 
physical structure may account for differences noted in the 
ability of the substrates to support growth of chitin decom­
posers. As discussed in the previous section, the chitins 
tested represent different degrees of biochemical purity.
That from the white shirmp contained a relatively large 
amount of protein, i.e., as much as 10% of the dry weight 
of the substrate (Richards, 1951). Chitin from the small 
crab species contained far less protein, but a sufficient 
amount for it to be considered as only partially purified.
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In contrast, the other chitins were highly purified. The 
protein present, acting as a readily-available carbon 
source and more readily utilized than chitin, may initiate 
rapid growth of the bacteria. Elsewhere, yeast extract at 
concentrations of 0.02% has been shown to increase chitinase 
production (Monreal and Reese,1969). The protein content 
of the white shrimp chitin may affect the chitinase activity 
of the bacteria in a similar manner. Furthermore, certain 
unidentified inorganic salts, some of which serve as enzyme 
inhibitors, may be present in one type of chitin but absent 
in another. These ions also may account for differences in 
the response of the bacteria to the chitin media.
However, the purity of the chitins alone, does not ac­
count for differences in bacterial response noted between 
the highly purified substrates. It is well established that 
the chemical structure of chitin is constant regardless of 
its source (Richard, 1951). However, the physical integrity 
of the chitin micelles may be different in that subtle dis­
similarities, i.e., in the chain length, configuration of 
the chains, and possibly intrachian bonding (as yet unde­
tected) may exist between chitins.
Enumeration of total heterotrophic bacteria. Seasonal 
distribution of total bacterial biomass in Airplane Lake is 
illustrated in Figure 7. Sediments from sites 5 and 6 re­
flect discrete distribution patterns analogous to their 
respective water sites. This is not entirely unexpected, 
since the aforementioned stations are influenced most by
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Figure 7. Seasonal Distribution of Total Heterotrophic 
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continual tidal action. In contrast, site 7, the location 
of which is less affected by tides, has a biomass pattern 
comparable to that of the marsh (site 8). This suggests 
that nutrient flow is directly from the marsh into the 
water system. Two important environmental factors may 
account for peak bacterial populations found within the 
marsh during August, i.e., high median temperature and high 
sea level. A median temperature (Table 2) of 29 C was noted 
in the surface waters, corresponding to an increase in 
bacterial biomass at all water sites. August and September 
also mark a period of maximal sea level. The action of these 
high tides may provide a mechanism whereby detritus is redis­
tributed and nutrients are released from the detritus. With 
an increase in available nutrients, bacterial "blooms" 
occur.
Enumeration of total chitinoclastic bacteria. The dis­
tribution of chitinoclastic bacteria is notably different 
than that recorded for the total bacterial biomass (Figure 
8). Within the submerged sediment, the highest peak occurred 
in April, the second in June, and third in August. These 
population peaks may correspond to those of copepods and of 
larval brown shrimp, a secondary copepod bloom, and optimum 
concentrations of larval white shrimp (Loesch, 1971; Crowe, 
1973), respectively. These animals, particularly the cope­
pods because of their great abundance, deposit large quan­
tities of chitin in the form of exoskeletal material. Assum­
ing that the amount of chitin produced by the copepods is
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Table 1. Comparison of Five Chitin Substrates for 
Enumeration of Total Chitinoclastic 
Bacterial Population*





White shrimp 3.1 x 105 6.0 x 105 4.4 x 105
King crab 1.0 2.6 2.1
Squid (Horny "Pen") 2.2 3.0 2.8
Small crab species 1.1 2.0 1.5
Crab and shrimp** 2.3 3.4 3.0
* Based on wet weight 
** Calbio. commercial shrimp (grade C).
Table 2. Temperature Medians for 1971 in the Surface 
Waters of Grand Terre. Provided by the 

















Figure 8 Seasonal Distribution of Chitinoclastic Bacteria 



























10% of their total body weight (Chan, 1970), the amount
of chitin in the sediments of Barataria Bay in April was 
22.7 grams/m , using the values for copepod biomass of Cuzon
du Rest and Gillispe as reported by Loesch (1971). This
2value of 2.7 gm/m represents the highest concentration of 
chitin deposited by these Crustacea during the year. The 
concurrent abundance of chitinoclastic bacteria, suggests 
that the biomass of chitinolytic bacteria is correlated 
closely with actual chitin deposition.
The biomass of chitinoclastic bacteria in the water 
column at the three sites showed a somewhat irregular pat­
tern (Figure 9). However, when data from the submerged 
sediments and waters were averaged, results noted in Figure 
10 were discerned. Peak biomass of chitinoclasts in the 
water column preceded optimum concentrations of the bacteria 
in the sediments. These results support previous observa­
tions (Buck and Barbaree, 1971) that chitin-containing 
macro-organisms (copepods, other larval crustaceans, amphi- 
pods, and others) within the water column comprise a "living" 
substrate for microbial activity. Upon molting or death of 
the animals, the exoskeleton is deposited within the sedi­
ment, thus providing a substrate for growth of an even 
larger quantity of chitinoclastic bacteria.
Predominant chitinoclastic bacteria in the marsh 
environment. Beneckea species comprised the predominant 
genus of bacteria in the water column and submerged sediment. 
The classification schematic for the species of this taxon
Figure 9. Seasonal Distribution of Chitinoclastic Bacteria 
















Figure 10. Monthly Average for Chitinoclastic Biomass in 
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has been presented previously. Other selected biochemical 
characteristics examined in the present study are shown in 
Table 3. The most common of the sediment isolates were 
B. neptuna and B. nereida, while B. pelagia was frequently 
the predominant species in the water column (Table 4).
The maximal species diversity was noted in the marsh 
soil. B. campbellii was isolated from this area as were 
numerous actinomycete representatives such as Streptomyces 
species. Other genera, Pseudomonas, Flavobacterium, and 
Alginobacter, found in the marsh biota, comprised only a 
small protion of the microbiota.
Changes in species types were noted during the seasons 
(Table 4). The most striking was the appearance of a cellu- 
lolytic Nocardia species (tentatively identified), in the 
marsh soil. Although this isolate was not highly chitinoly- 
tic, it comprised nearly 1% of the total biota during the 
winter months, but was undetected during the summer period 
of collection.
Bacterial symbionts of penaeids. Marine crustaceans 
are both passive and active carriers of microorganisms (see 
Review of Literature). The latter can be divided into two 
groups, i.e., endosymbionts, which colonize the internal 
region of the animals, and exosymbionts, located on the 
external region of the animals. The abundance of chitino­
clastic endosymbionts and exosymbionts of the white shrimp 
are shown in Table 5. The large concentration of chitino- 




Table 3. Selection of Biochemical Properties of Chitinoclastic 
Bacteria of the Estuary
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S/2 — — - + - — + - - - - + +
S/3 + + - - - - - - + + - - +
S/4 + + — - - + + - + + - + +
M/1 + - - - - - - + - - - +
M/2 + + - - - - - - - - - — -
M/3 + + + - - + + - + - - — -
W/l + - + - - - + + - - - + +
W/2 — — — + — — - — — — “ • +
S/1 + + + + _ + _ + _ + +
S/2 + + + - - + + + + + + + +
S/3 - — - + - - - - - - - - +
S/4 + + + - - + + + + + + + +
M/1 + + + — - + + + + + + + +
M/2 + + - - - -■ - - - - - - +
M/3 + + + - - + - - + - - - —
W/l + — — - - - - + - - - - +
W/2 + +
W/3 - - + - - - - - - - - +
+ -  +  +  B. neptuna
+ - + + ][. nerelda
+  -  +  +  B. neptuna
+  -  +  +  B. neptuna
+ + Nocardla species
+ - +  -  B. campbellil
+ + Streptomyces species
+ -  +  +  B. pelagia
+ - +  +  B. nereida
+ - + + B. neptuna
+  -  +  +  B. neptuna
+  -  +  +  B. nereida
+ - + + IJ. neptuna
+ - + + JS. neptuna
+ - + + JB. campbellil
+ + Streptomyces species
+ - + + B. pelagia
+ - + + B. pelagia
+  - + + B. nereida
Table 3 (Cont'd). Selection of Biochemical Properties of Chitinoclastic
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+ + B. nereida
+ + ]J. pelagia
+ + _B. nereida
+ + IJ. neptuna
+ + IJ. alginolytica
+ + JJ. campbellil
+ + B. campbellil
- Streptomyces species 
+ + IJ. pelagia
+ + IJ. neptuna
+ + B. nereida
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B . neptuna Summer +
B . nereida - Spring, Summer +
B. pelagia — + Summer
B. Campbell ii + — Summer
B . alginolytica — — Summer
Nocardia species Winter — -
■Streptomyces species + — —
+ found throughout the year - absent
Table 5. Biomass of Chitinoclasts 
Associated with Penaeids
No. /gm or ml
Digestive Tract
Stomach 1.3 X 107
Gut (mid-hind) 8.0 X 107
Hepatopancreas gland 5.0 X 104








Molted exoskeleton 6.3 X 107
Surrounding waters 4.1 X 103
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to those found in the surrounding waters indicates that 
the chitinous cuticle serves as a region of intensive chi~ 
tinolytic activity. Upon molting, the bacterial biomass on 
the exoskeleton of aquarial animals increased more that a 
hundred-fold within 12 hours. The biomass values can be 
compared to those in the field if it is assumed that aquar­
ial conditions approximate those in the natural environment, 
specifically in terms of chitinoclastic biomass. This is 
supported by the observation that little differences were 
found between the biomass of the intact exoskeletons of 
shrimp held in aquaria and those collected from the waters 
of Airplane Lake.
The total and chitinoclastic bacterial biomass within 
the digestive tract of the shrimp (proventriculus and the
r 7intestines) was extremely high, i.e., 10 - 10 cells/gm
(Table 6). It is generally recognized that the microbiota 
of the digestive tract is indicative of the food consumed 
by marine invertebrates (Seki, 1968). When the abundance 
of bacteria in the digestive tract was compared to that of 
the surrounding waters and sediments, the gut biota showed 
a much higher biomass. If the sediment bacterial biomass 
average is represented as X, then the biomass within the 
proventriculus and gut are 2X and 10X, respectively. Ho 
(1971) reported a high protein content of 27-45% in the 
digestive tract but a low of 7% in the detrital sediment. 
Environments containing high levels of organics usually have 
a low species diversity, but a high standing crop.
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Table 6. Bacterial Biomass in the Shrimp Digestive Tract 
and Associated Sediment and Water. Values given 
are number of cells/g wet weight of gut and 




Gut Stomach Sediment Water
May, 1971 1.3 x 107 --- 1.7 x 106 1.6 x 105
June 3.7 x 107 --- 5.6 x 106 1.7 x 105
August 2.4 x 109 --- 7.0 x 107 1.2 x 105
September 3.0 x 107 3.9 x 106 2.0 x 106 1.6 x 105
October 3.6 x 107 4.1 x 106 2.1 x 106 1.3 x 105
Table 7. Diversity of Bacterial Populations in Shrimp
Digestive Tract, Sediment, and Water. Figures 
given are total number of different species 
observed on standard bacteriological plates 
(countable dilutions).
Collection Number of Different Colonial
Period Type or Species
Gut Stomach Sediment Water
May, 1971 2 --- 22 34
June 3 --- 15 30
August 5 --- 14 31
September 3 4 19 28
October 3 4 17 21
Average 3 4 17 29
Conversely, a complex natural environment commonly exhibits 
high species diversity but a comparatively lower biomass.
The microenvironment of the digestive tract may represent 
the former in view of the relative restriction in species 
type (Table 7) and the high bacterial biomass (Table 6). By 
mechanisms of selective feeding, shrimp may be able to con­
centrate organics within the digestive tracts, which in turn 
is reflected in the composition of the microbiota present.
The microenvironment of the digestive tract is characterized 
as follows: a low pH, i.e., pH 5.0-6.0 when the tract is
devoid of food and a pH as high as 7.0 when food is present 
(Waterman, 1960); high concentrations of readily available 
organics (Ho, 1971); and large quantities of chitin (Muus, 
1967). Selected biochemical properties of the gut isolates 
are illustrated in Table 8. The bacteria exhibit rapid growth 
tolerance to a broad pH range and an ability to utilize a 
wide spectrum of carbon sources (Table 9 and 10). These 
characteristics may permit the organisms to survive digestive 
processes and to establish themselves in the intestines.
Function of endosymbionts. To demonstrate the ability 
of the gut isolates to survive passage through the proven­
triculus, shrimp were fed specially-prepared diets. These 
contained Beneckea neptuna (5/3), typically found in the 
digestive tract but characteristically isolated from the 
sediments of Airplane Lake. Cells of B. firmus were not 
recovered from the shrimp digestive tract 12 hours after 
food ingestion, but IB. neptuna was observed within the
Table 8. Selected Biochemical Characteristics of Gut Isolates





















Flagella Polar Polar Polar None Polar Perit. Perit. Polar Polar Perit.
Gram Stain - - - - - — - - - -
NO. to N02
h 2s
- - + + + + + + + +
- - - - - - - - - -
Indole — — — - + - — + + +
M.R. - - + + + + + + + +
V.P. - - - - - - - - - -
Gelatin + + + + + - - - + -
Starch - - - - + + + + + -
Milk + + - - + - - + + -
Citrate - - + - + - - + + -
Tributyrin - - + - + - - + + -
Cellulose - - - - - - - - - -
Chitin + + + + + + + + + +
Glucose 0- 0- OF OF OF OF OF OF OF OF
Sucrose 0- 0- OF OF OF — — OF OF —
Fructose -— — OF OF OF OF OF OF OF OF
Lactose 0- — — — — — — 0- 0- —
Mannitol — — OF rw OF — — OF OF —
Galactose 0- — OF OF OF OF OF OF OF OF
Maltose 0- 0- OF OF OF OF OF OF OF OF
Dextrin 0- — OF — OF OF — OF OF —
Arabinose — — — — — — — — — —
Salinity 1-3% 1-3% 1-3% 1-3% 1-3% 1-3% 1-3% 1-3% 1-3% 1-3%
Table 8 (Cont'd). Selected Biochemical Characteristics of Gut Isolates
Isolate 5/1 5/2 5/3 6/1 6/2 6.3
Short Rod Short Short Curved Curved
Morphology Rod Curved Rod Rod Rods Rods
Flagella Polar Polar Perit. Polar Polar Perit.
Gram Stain - - - - - -
NO3 to NO2 + + + - + +
H2S - - - — - —
Indole + - + - - +
M.R. + - + + - +
V.P. - - — - - -
Gelatin - - + + + +
Starch - + + - + +
Milk - - + + + +
Citrate - - + - + +
Tributyrin - - - - + +
Cellulose - - - - - -
Chitin + + + + + +
Glucose OF OF OF - OF OF
Sucrose — 0- OF — -F OF
Fructose OF OF OF — OF OF
Lactose — 0- OF — -F OF
Mannitol — OF OF — OF OF
Galactose OF OF OF — OF OF
Maltose OF OF OF — OF OF
Dextrin OF OF OF — OF OF
Arabinose — 0- OF — -F -F
Salinity 1-3% 1-3% 1-3% 1-3% 1-3% 1-3%
- Negative Reaction 
** Isolate Number
+ Positive Reaction 0 Oxidative F Fermentative * Sample Number










G ro w th
Lowest pH Generation Biological
For Growth Time * Activity
6.0 2 Hours Low
6.5 2 Hours Low
6.0   Low
5.0   Moderate
5.0 30 minutes High
5.0 30 minutes High
* Generation time was determined for organisms growing in 
peptone sea water broth at 22°C.
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Table 10. Characteristics of Bacterial Isolates 







n o 3 to n o 2 8 / 10
H2S Production 0 / 10
Indole Production 3 / 10
Methyl Red 7 / 10
Gelatin Utilization 7 / 10
Amylose 6 / 10
Casein 6 / 10
Citrate 5 / 10
Tributyrin 4 / 10
Cellulose ------ 0 / 10
Chitin -- 10 / 10
Utilization Of:
Glucose 10 / 10
Sucrose 8 / 10
Fructose 9 / 10
Lactose 5 / 10
Mannitol 6 / 10
Galactose 10 / 10
Maltose 10 / 10
Dextrin 7 / 10
Arabinose 3 / 10
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digestive tract up to 3 days after feeding (Figure 11 and 
Table 11). The initial quantity of cells of both species 
decreased upon ingestion. However, B. neptuna was able to 
survive effectively and reproduce in the gut. The micro­
environment of the digestive tract is thus a more suitable 
environment for B. neptuna than for B. firmus.
Ingested bacterial cells may be destroyed by a number 
of processes associated with digestion, i.e., mechanical 
action, release of lytic enzymes, changes in pH, etc. To 
ascertain the presence of a possible bacteriolytic agent 
produced by the hepatopancreas or digestive gland, suspen­
sions of a standard concentration of cells (li. firmus and 
B. neptuna) were exposed to an extract of the hepatopancreas. 
As illustrated in Table 12, the initial quantity of bac­
terial cells decreased. Those of B. neptuna, a gram-negative 
bacterium, were more sensitive to the bacteriolytic agent 
than B. firmus, a gram-positive bacterium. A possible 
explanation may be the nature of the cell wall itself. Cell 
walls of gram-positive organisms have a different chemical 
and physical structure than do those of gram-negative ones.
The role of the chitinoclastic bacteria as endosym­
bionts may be a dual one. Cells which are ingested can pro­
vide a direct source of food for the shrimp, for upon 
lysis of the cell wall, the bacterial cellular material is 
released. Some species surviving the digestive processes 
can reproduce within the microenvironment of the intestine 
and to some extent within the stomach. Since the
Figure 11. Survival of Beneckea neptuna (1) and 
Bacillus firmus (2) through Digestive 
Tract of Penaeus setiferus. Number of 
cells/0.1 gm of diet was 4.0 x 109 .
This represents initial cell concentra­












Table 11. Recovery of Bacillus firfttus and Beneckea 
neptuna from the digestivetract of 
Penaeus seti ferus
Time After 
Ingestion Proventriculus Gut Feces
B.“1 firmUsminute 1.1 X 109* _ —
1 hour 2.8 X 105 6.8 X 106 —
2 hours 0 2.4 X 107 2.1 X 107
6 hours 0 4.1 X 105 3.4 X 106
12 hours 0 0 0
24 hours 0 0 0




minute 1.6 X 109 _
1 hour 2.3 X 105 1.5 X 107 —
1082 hours 8.7 X 104 1.3 X 107 1.1 X
6 hours 6.9 X 104 1.0 X 107 4.9 X 106
12 hours 4.2 X 104 4.4 X 108 7.2 X 107
24 hours 1.6 X 104 1.0 X 108 -
48 hours 3.4 X 103 3.8 X 106 -
72 hours 1.2 X 103 7.0 X 105 —
* Total number of cells/gm recovered from each area.
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Table 12. Survival of Bacillus firmus and Beneckea 
neptuna in Extract of Hepatopancreas of 
Penaeus setiferus.
B. neptuna B. firmus
Control: initial 7.9 x 108* 1.8 x 108
Concentration of cells 
Time •
5 minutes 2.1 x 106 6.0 x 107
50 minutes 3.7 x 107 7.0 x 107
2 hours 8.1 x 107 1.2 x 108
* Figures are in number of cells/ml of extract.
93
e»
endosymbionts elaborate in common the enzyme, chitinase, 
and are present in large concentrations, their role in 
enzyme production and related substrate conversion is sug­
gested. The products of chitin hydrolysis may provide the 
shrimp with necessary growth factors. Seki and Taga (1964e) 
calculated that a maximum of 0.003% of the chitin ingested 
by cephalopods was decomposed. However, the number of 
chitinoclastic bacteria within the digestive tract of shrimp 
represent a 300-fold increase in chitinoclastic biomass over 
that reported for the cephalopods. Thus, a maximum value 
of 0.9% of the chitin in the diet of the shrimp can be 
theoretically decomposed. The amount of chitin consumed by 
shrimp, in the form of amphipods (Muus, 1967), copepods, and 
even their own molted exoskeleton (West and Chew, 1968) rep­
resents a considerable amount of substrate.
Rates of Chitin Degradation
Pure culture and in vitro rates. Several investigators 
have reported rates of chitin degradation under in vitro 
laboratory conditions (Seki, 1965b) as well as degradation 
by single species of bacteria in axenic culture (Seki and
Taga, 1963c; Chan, 1970). Using the methods of the afore­
mentioned workers, the present study attempted to confirm 
the results of their earlier work. Barataria Bay estuary 
is a tremendously productive region, whose water tempera­
tures rarely fall below 4 C. In all likelihood, differences 
in rates exist between the chitin mineralization processes
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of this area and that reported for the estuaries of Puget 
Sound and Aburatsubo Inlet studied by Chan (1970) and Seki 
(1965a,b).
In vitro rates of chitin breakdown in the sediments 
and waters of Airplane Lake were comparable to those of 
Aburatsubo Inlet (Table 13). However, little can be ascer­
tained from these values in relation to mineralization rates 
in the natural environment for the methods used employed a 
closed system. The latter does not allow for calculation of 
absolute values because of inherent limitations, i.e., lack 
of nutrient and waste exchange.
Pure culture studies, using several bacteria from Air­
plane Lake, gave slightly higher rates of chitin degrada­
tion than those reported by Chan (1970) and Seki and Taga 
(1963c) (Table 13 and 14). These data suggest that the 
species of bacteria from Barataria Bay may be inherently 
more active in the process of chitin degradation. Further 
research is needed to conclusively demonstrate this hypo­
thesis.
Figure 12 illustrates a correlation between the rate 
of chitin decomposition and growth of the bacterial isolates 
at 22 C. These results are comparable to those reported 
by Chan (1970). Using a Vibrio species, Chan also showed 
that optimum growth occurred concurrently with maximum 
chitin degradation.
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1965 Deeper Coastal Sediments
Figure 12. Amount of Chitin Decomposed by Three 
Bacterial Species (5/3, W/4, S/4) and 
Comparable Growth Curves of the Isolates. 










In situ studies. Seki and Taga (1963c) calculated 
that chitin particles less than 0.033 cm in diameter (typical 
of planktonic Crustacea), were decomposed in the sea at a 
rate of 27 mg-chitin/day/gm-chitin (Table 13) with complete 
mineralization occurring in 40-70 days at optimum tempera­
tures. However, direct measurement of in situ decomposition 
rates were not made to confirm this value. Liston et al., 
(1965), using a seabed model, determined that chitin degrada­
tion rates in Puget Sound sediments were 18.9 mg/day/gm- 
chitin. Rates were greatly reduced for deeper coastal sedi­
ments (Table 13). In the present investigation, measure­
ments of chitin degradation rates in situ were conducted 
and attempts made to determine the parameters involved in 
chitin turnover. Certain factors, mentioned below, have 
been shown to affect in vitro degradation. The role of 
these factors in the degradation processes within the envi­
ronment were confirmed. The procedure used for in situ 
measurements obviously cannot give absolute values for chi­
tin degradation since the intrinsic nature of field studies 
often precludes the development of sensitive detection 
methodology. With these reservations in mind, the rates 
of chitin turnover were determined.
As seen in Figure 13, the rates of decomposition were 
dependent on the initial concentration of substrate and 
chitin particle size (Figure 14). Chan (1970) showed com­
parable results in his pure culture studies. Highest rates 
occurred at the water-sediment interface and lowest in the
Figure 13. Effect of Initial Chitin Concentration Inocu­
lated Into the Waters of Airplane Lake (In 








CHITIN CONCENTRATION (GM )
Figure 14. Effect of Chitin Particle Size on In Situ 
Degradation Rate. Particle sizes repre­
































water column, two feet above the water-sediment interface 
(Table 15). Large differences in rates were not evident 
between water depths probably due to the mixing within these 
shallow waters. Temperatures profoundly affected rates of 
decomposition (Figure 15 and Table 16). With increased 
temperatures, a corresponding increase in degradation was 
noted. The temperatures recorded during the sample period 
reported are typical of those in the fall, winter, and 
spring months. It is reasonable to assume that considerably 
greater chitin turnover occurs in the summer months.
The degree of substrate turnover was influenced by the 
type of chitin (Table 17). Pure chitin was attacked rela­
tively slowly compared to native chitin. Molted exoskeleton 
and dilute acid-treated chitin were degraded more rapidly 
than pure chitin, but slower than the native substrate. The 
colonization of bacteria on the latter may account for its 
rapid degradation since bacterial colonization was more 
intense on native chitin than on the highly purified sub­
strate (Figure 16). The protein content (as much as 10%) 
of the native chitin may serve as a bacterial attractant in 
the form of a readily available carbon source. It has been 
demonstrated that bacteria are responsive to organic at- 
tractants (Mitchell, 1972). Primary colonizers may exhibit 
chemotaxis, colonizing the native chitin, first utilizing 
the readily available organics. The secondary colonizers 
may then attack the recalitrant chitin.
i
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Table 14. In vitro Chitin Degradation Rates 
for Isolates of Barataria Bay
Isolates Rates*
5/3 40-4 2 rags/day/1010 cells
S/4 32-37 mgs/day/1010 cells
W/4 35-40 mgs/day/1010 cells
S/1 25-30 mgs/day/1010 cells
* Rates were determined at 22 C.
Table 15. Rate of Chitin Degradation in the Water Column 
and Water-Sediment Interface. Figures are in 
mg chitin decomposed/24 hours.
„ , p . , Water-Sediment 1 Foot Above 2 Feet Above
Interface Water-Sediment Water-Sediment 
Interface Interface
I 428.6 409.1 390.2
II 298.9 195.5 187.5
III 148.4 184.7 151.3
IV 61.7 59.9 48.2
V 436.1 440.1
Figure 15. Correlation of Mean Temperatures of Waters 
with In Situ Chitin Degradation Rates.
MG-CHITIN DECOMPOSED/ DA Y/G M -C H IT IN
Cfl
I H f U V i i l d S i l l
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Table 16. Chitin Degradation Rates in situ at the 
Water-Sediment Interface. Figures are 
in mg-chitin decomposed/24 hours/gm- 
chitin seeded.
Period Rates Average
I 141.0 141.9 138.6 142.1 141.1
II 99.6 100.2 98.7 99.5 99.5
III 73.6 74.1 73.5 72.6 73.4
IV 55.1 51.2 56.7 53.9 54.2
V 67.2 68.1 74.3 75.5 71.2
VI 81.0 82.3 84.1 82.7 82.5
Average Rate for All Samples 86.9
Table 17. The Rate of Chitin Degradation at the Water- 
Sediment Interface in Airplane Lake Using 
Different Types of Chitin Substrates.
Type of Chitin Rate of Degradation (ng Chitin Decomposed/24 Hours
Native Chitin 











Figure 16. Colonization of Chitin Particles by
Total Heterotrophic Bacteria In Situ. 
Figure 1 represents total number of 
bacteria/gm on chitin at various time 
intervals. Figure 2 represents bacte 
ria on pure chitin.
DAYS
NO OF C E L L S /  GM
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In preliminary studies the primary colonizers on the 
native chitin were identified as Pseudomonas and Beneckea.
Of the eight colony types isolated, seven were proteolytic; 
all showed rapid growth in peptone broth. After eight days, 
the number of Pseudomonas species declined while those of 
Beneckea increased on the chitin particles. By the 18th 
day, Beneckea predominated. Species of the latter were 
characteristically non-proteolytic and slow growers in pep­
tone broth relative to the primary colonizers.
Approximately 70% of the chitin exposed in the marsh 
was decomposed after 8 days (Table 18). The maximum degra­
dation rate correlated with optimum chitinoclastic biomass 
and occurred concurrently with the lowest ratio of total 
bacteria to chitinolytic bacteria. The pattern of in situ 
degradation was similar to that observed in the pure culture 
studies (Figure 12) although a longer lag period was noted 
in the in situ rates. This would be expected due to the 
initially lower temperatures in the environmental studies 
and lack of initial concentrations of chitinoclastic bac­
teria, to serve as naturally occurring inocula.
In summary, chitin degradation in the environment is 
affected by parameters also shown in laboratory studies, 
i.e., temperature, size of substrate particle, initial con­
centration of substrate, organic matter present, and 
chitinoclastic bacterial growth or colonization.
!
Table 18. Chitin Degradation Rate and Bacterial Colonization 
of Native Chitin.Seeded in Airplane Lake 





















4 2.7 x 109 2.4 x 108 11 .8995 250.0
8 4.3 x 109 6.7 x 108 6.4 3.445 437.5
18 3.9 x 108 5.5 x 107 7.1 4.850 253.6





Cultural conditions. The bacterium designated 5/3, 
isolated from the intestines of penaeids, was selected for 
study of optimum cultural conditions for maximum chitinase 
production. The optimum temperature for maximum enzyme 
yield was 25-27 C (Figure 17) at 4 to 5 days (Figure 19) 
with 0.5% chitin concentration (Figure 20). The initial pH 
of the growth medium appeared to have little effect on 
enzyme production (Figure 18). Substrates such as chitosan, 
N-acetylglucosamine, glucosamine, glucose, and.peptone 
stimulated little chitinase activity (Table 19). The enzyme 
system is thus induced by chitin units. Monreal and Reese 
(1969) suggested that the probable inducers of the chitinase 
system were short chain units (three or more) of N-acetyl- 
glucosamine.
Cell-free enzyme. The optimum pH and temperature for
the cell-free chitinase enzymes are illustrated in Figures
21 and 22. The optimum pH and temperature were pH 7.0 and
40 C, respectively. The inhibition of the chitinase system
++ ++by selected ions showed that the Al and Zn ions had the
greatest inhibitory effect on the enzyme system, while the 
++Co ion had the least effect (Figure 27).
When N-acetylglucosamine was assayed (Reissig et al., 
1955) a pH optimum of 6.0 was noted (Figure 23). The results
113
Figure 17. Yield of Chitinase at Various Tempera­
tures. Cells were grown for four days 
in chitin medium. Activity is expressed 
as percent of hexosamines produced 
divided by amount of hexosamines pro­
duced at optimum temperature.
TEMPERATURE
Figure 18. Yield of Chitinase at Various pH's.
Cells were grown for five days in 
chitin medium at 22 C. Activity is 
expressed as percent of hexosamines 
produced divided by hexosamines at 
optimum pH.
5/3\
Figure 19. Yield of Chitinase at Various Times.
Cells were grown in chitin medium at 
22 C. Activity is expressed as 
percent of hexosamines produced 











Figure 20. Yield of Chitinase at Various Chitin 
Concentrations at 22 C Grown for Five 
Days. Activity is expressed as per­
cent of hexosamines produced divided 
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Figure 21. Cell-free Chitinase Activity at Various
Temperatures. Optimum amount of reducing 
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Figure 22. Cell-free Chitinase Activity at Various 
pH's. Optimum amount of reducing sugars 













Figure 23. Cell-free Chitinase Activity at Various 
pH's. Optimum amount of N-acetylgluco- 
samine produced by isolate W/4 at pH 
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suggest that a chitobiase, the enzyme responsible for the 
hydrolysis of the chitin dimer, requires an optimum pH 6.0 
for maximum activity. The presence of the chitobiase is 
also suggested by the different ratios of reducing sugars 
to N-acetylglucosamine (Table 20). If a single enzyme were 
responsible for the hydrolysis, the ratios would be similar, 
but since the ratios were dissimilar the presence of chito­
biase is indicated.
Equal amounts of total hexosamine monomers and N-ace­
tylglucosamine as well as equivalent ratios would also be 
expected if the end product of the chitinase system were 
N-acetylglucosamine. The assay for total hexosamine monomers 
measures both glucosamine and N-acetylglucosamine, but not 
the dimer or higher units of N-acetylglucosamine. With the 
chitinase of 5/3, equal amounts of the hexosamines and 
N-acetylglucosamine were not found nor was a consistant ratio 
observed (Table 20). Different ratios were not observed with 
other bacterial types as shown with isolate W/4. One explana­
tion for the high quantity of hexosamine may be the presence 
of a deacetylase in the enzyme solution. The deacetylase 
would release the acetyl group from the N-acetylglueosamine 
unit giving large concentrations of glucosamine.
No activity was noted when the enzyme solution was 
incubated with chitosan (Calbiochem) or a special chitosan 
(Kelco) indicating that a chitosanase is not produced and 
that chitinase system is specific only for the acetylated 
form of hexosamine units.
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Table 19. Chitinase Activity of Bacterial Isolates 
Grown on Various Substrates
Substrates (.2%)
Enzyme Activity 
(ygm/ml of hexosamine under
Isolate
5/3 4/4
Chitosan (Kelco) 0.7 0.1






Table 20. Amount of N-acetylglucosamine (NAG), hexo­
samine monomers (HM), and reducing sugar 
(RS) produced at various time intervals. 
The assay included the bacterial enzyme 
solution (5/3 and W/4) and chitin incu­
bated at 40 C. Figures are ygm/ml.
Hours Incubated RS NAG HM
Hi
6 360 50 300 7.2 6.0
12 751 40 540 18.2 13.5
18 781 20 600 39.1 30.0
24 872 21 720 43.5 36.0
48 910 22 741 41.4 33.6
W/4
6 150 50 — 3.0 -
12 242 120 125 2.0 1.1
18 503 135 140 3.3 1.1
24 628 157 160 4.0 1.1
48 735 184 183 4.6 1.0
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Thin layer chromotography of the assay solution (chitin 
and enzyme solution) revealed 1) N-acetylglucosamine,
2) several spots which moved slower than the N-acetylglu- 
cosamine (the dimer and probably oligosaccharides of N- 
acetylglucosamine) and 3) glucosamine (Figure 24). No 
glucose was detected by thin layer or by the Glucostat assay 
The glucosamine, however, maybe due to the deacetylation 
which occurs duringihe preparation of precipitated chitin. 
When the enzyme solution was incubated in the presence of 
N-acetylglucosamine, the quantity of the N-acetylglucosa­
mine decreased and the amount of hexosamines remained con­
stant. Attempts to detect acetic acid by steam distilla­
tion were unsuccessful, but thin layer chromotrography of 
the assay revealed both N-acetylglucosamine and glucosa­
mine. Again, the presence of deacetylase is implied.
Chitin hydrolysis as shown by the mafine bacteria stud­
ied involve two or more enzymes: a chitinase whose action on 
the susceptible form of chitin produced oligosaccharides 
of N-acetylglucosamine, and a chitobiase which splits the 
dimer to the monomer stage. Thus the enzyme system is 
similar to those reported in the literature (Berger and 
Reynolds, 1958). However, one isolate (5/3) was shown to 
elaborate an enzyme which split the acetyl group from 
N-acetylglucosamine producing glucosamine. To the author's 
knowledge a deacetylase in the chitinase system has not 
been previously documented. Although the presence of the
Figure 24. Thin Layer Chromotographic Analysis, GA 
Represents Glucosamine, NAG represents 
N-acetylglucosamine, and NNAG represents 
N, N'-Diacetylchitobiose. Sample 1 is 
the assay solution of enzyme and chitin. 
Sample 2 is the assay solution of enzyme 
and N-acetylglucosamine. The assay sol­
utions were incubated for 24 hours at 
40 C.










the deacetylase has not been definitely proven in this 
study, the evidence strongly suggests the presence of such 
an enzyme.
Chitinase of Penaeus setiferus 
The locus of highest chitinase activity within .P. 
setiferus was in the digestive gland, the hepatopancreas; 
the gut and proventriculus showed less activity (Table 21).
To determine whether the chitinase enzyme system within the 
shrimp is indigenous or produced by the bacteria of the 
digestive tract, the enzymes of the hepatopancreas and those 
of the most active chitinoclastic endosymbionts of the 
shrimp were compared on the basis of optimum pH, temperature, 
and ion inhibition pattern.
The low concentration of chitinoclastic bacteria with­
in the digestive gland (Table 5) suggests that the enzyme 
is indigenous. Comparison of enzymes from hepatopancreas 
and the bacteria show dissimilarities. The chitinase of the 
shrimp, for example, exhibited higher activity in the acid 
range (pH 5.0-7.0) while the bacterial enzymes showed higher 
activity in the more alkaline range (pH 7.0-9.0) (Figure
25). Although the temperature optima were similar (Figure
26), the ion inhibition patterns were different (Figure 27).
J .J .The Co ion greatly reduced shrimp chitinase activity, but 
had little effect on the bacterial enzyme.
Shrimp fed a diet containing chitin and one devoid of 
chitin showed little difference in enzyme activity within 
the hepatopancreas (Table 22). The chitinase within the
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Table 21. Chitinase Activity in Hepatopancreas, Gut, 
and Proventricuius of Penaeus setiferus.
Gravimetric measurements 
(mg-chitin decomposed/ml/ 









Table 22. Chitinase Activy in Penaeus setiferus 
When Fed Diets Containing Chitin and 




Enzyme activity in 
hepatopancreas 
(ygm/ml under optimum 
conditions) 251 254
Enzyme activity in gut 
(ygm/ml) 87 101
Chitinolytic bacteria 
in hepatopancreas 8.5 x 104/gm 43.5 x 10 /gm
Chitinolytic bacteria 
in gut 4.8 x 104/gm 3.7 x 106/gm
Figure 25. Comparison of Bacterial Chitinase
Activity (5/3) and Chitinase Activity 
of Shrimp Hepatopancreas at Various 
pH's. The assay solution (enzyme 
solutions and chitin) were incubated 
at 40 C for 24 hours. Activity is 
expressed as percent of total hexo­
samines produced (relative activity).
Hepato—- 
pancreas
Figure 26. Comparison of Bacterial and Hepatopancreas 
Chitinase Activity at Various Tempera­
tures. Activity is expressed as percent 
of total hexosamines produced after 24 
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Figure 27. Comparison of Bacterial and Hepatopan­
creas Chitinase Activity in the Presence 
of Various Ions (0.1 Molarity). Acti­
vity is expressed as percent of total 






















gut of the animals increased with addition of dietary chi- 
tin. This probably reflects a rise in total biomass of 
the chitinoclastic endosymbionts within the intestine, and 
related production of chitinase by these bacteria.
The shrimp chitinase system is composed of a chitinase 
and a chitobiase as evidenced by the difference in ratios 
of reducing sugars to N-acetylglucosamine (Table 23). When 
the extract was incubated in the presence of chitosan, glu­
cosamine was not produced, indicating the lack of a chito- 
sanase. The ratio of total hexosamines to N-acetylgluco- 
samine also varied with incubation time. Upon incubation 
of the enzyme extract with N-acetylglucosamine, the initial 
quantity of N-acetylglucosamine decreased while concentra­
tion of hexosamines remained constant. The results may in­
dicate the presence of a deacetylase.
Based on the evidence presented here, the enzyme of 
the hepatopancreas is probably different that that of the 
bacteria. Thus, the shrimp then has two chitinase systems, 
i.e., an indigenous enzyme system produced by the tissue 
of the hepatopancreas, and an enzyme system elaborated by 
the chitinoclastic bacteria which colonize the digestive 
gland.
The presence of a chitinase system within the shrimp 
may offer an "advantage" to the animal in relation to chitin 
synthesis. It has been demonstrated that glucosamine is 
a growth factor for prawns (Kitabayashi et al., 1971).
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The quantities of glucosamine, both free and protein- 
bound, in the blood of Crustacea sharply decrease during 
the stages after molting but increase prior to molting 
(Parvathy, 1970). Based on these observations, it was 
suggested that precusors of chitin in the blood may be 
protein-bound glucosamine. Shrimp upon molting have been 
observed to ingest their discarded cuticle. If the ani­
mal has the necessary chitinase enzyme system (both indi­
genous and bacterial), the products of chitin breakdown 
may be absorbed and utilized in the processes of chitin 
synthesis. An indigenous enzyme has been shown in the 
hepatopancreas of the animal. The products of chitin 
hydrolysis are probably N-acetylglucosamine and glucosa­
mine. The evidence of chitin degradation within the 
digestive tract of P. setiferus suggests that chitinase 
elaboration plays an important physiological role in the 
growth and development of the. animal.
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Table 23. Amount of N-acetylglucosamine (NAG) hexosamine 
monomer (HM), and reducing sugars (RS) produced 
at various time intervals. Assay included 
hepatopancreas extract and chitin incubated at 
40 C. Figures are ygm/ml.





6 85 40 75 2.1 1.9
12 92 51 85 00•iH 1.7
18 125 51 95 2.5 1.9
24 150 41 98 3.7 2.4
SUMMARY AND CONCLUSIONS
The present investigation has attempted to study the 
process of chitin degradation within a salt marsh environ­
ment from several approaches. The first concerned distri­
bution of the microorganisms responsible for the breakdown 
of the recalcitrant substrate. The evidence presented here 
clearly indicates that local areas within the estuarine 
ecosystem support significantly high populations of chitino­
clastic bacteria. The regions of maximum bacterial biomass, 
i.e., the Spartina rhizoidal sediment (marsh soil) and the 
digestive tract of crustaceans, are characteristically rich 
in readily available organics and/or abundant in chitin.
The intact exoskeletons of animals within the water column 
serve as an initial site of chitinoyltic activity. Upon 
shedding of the cuticle or death of the animals, the exo­
skeleton is deposited on the surface of the submerged sedi­
ment supporting ever greater concentrations of chitino- 
clasts. Total biomass of chitin decomposers in the marsh 
is thus related to chitin deposition, organics present, and 
temperature.
The role of endosymbionts within the digestive tract 
of P. setiferus is to provide a direct food source and to 
elaborate the chitinase enzymes. Those bacteria which sur­
vive digestive processes upon ingestion by the shrimp,
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colonize the internal region of the animal, reproduce, 
and elaborate chitinases. An indigenous chitinase system 
is also produced by the hepatopancreas of the animal.
With the presence of these two chitinase systems, ingested 
chitin may be hydrolyzed to products necessary for growth 
and development of the animal.
Processes of chitin degradation in situ and in pure 
culture were comparable to those reported by other workers, 
although individual bacterial isolates from the Barataria 
Bay estuary showed slightly higher rates of decomposition. 
The average solubilization rate of chitin in situ was 87 
mg/24 hours/gm-chitin. This value does not represent an 
absolute rate for only when more sophisticated and more 
sensitive methods are developed can such values be obtained. 
Rates of turnover were thus related to parameters, i.e., 
temperature, substrate particle size, readily available 
organics, and concentration of chitin, influencing growth 
and colonization of chitinoclastic bacteria.
Enzymatic studies of the bacterial chitinases revealed 
that these systems are similar to those reported by previous 
workers, consisting of a chitinase and a chitobiase. A 
chitosanase was not detected nor was a deaminase in the 
culture fluid. However, the presence of a deacetylase was 
indicated. End products of chitin hydrolysis include 
N-acetylglucosamine oligosacharrides, N-acetylglucosamine 
and glucosamine.
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The data reported in this investigation conceivably 
can be directed toward several possible applied areas, 
various of which are receiving increased study and evalua­
tion. Chitin may be used as a dietary component of com­
mercial crustacean food, with the breakdown products of the 
substrate providing necessary growth factors for the animal 
in question. In addition, these data ultimately may have 
application in development of methodology for conversion of 
increasing amounts of chitinous "wastes" into microbial 
protein via activities of suitable chitinoclastic micro­
organisms. Certainly, other industrially valuable trans­
formation processes of such organisms will appear as greater 
attention is given to chitinase isolation and end product 
characterization. Use of in situ chitin turnover data and 
critical studies of the microorganisms involved to a range 
of basic and applied ecological subjects is apparent. Other 
approaches and extrapolations are projected as further in­
quiry is directed toward chitin biodegradation.
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